Remarks/Arguments 

Claims 39-46 and 49-51 are pending in this application. 

The present rejections to the claims are respectfully traversed. 

Amendments 

Applicants have amended Claims 40-44. Amendments were made to these 
claims in the previously filed response to the First Office Action as seen in the version 
of the claims found within the Response. However, the amendments were not properly 
indicated in the "Version with markings to show changes made" attached to the 
Response. Accordingly, the Examiner is requested to disregard the amendments to 
these claims in the previous response and instead enter the amendments indicated in 
this response. Support for the language that the encoded polypeptide is associated 
with the formation or growth of lung or colon tumor is, for example, in the Summary 
section of Example 92. 

Applicants have amended Claim 50 to correct claim dependencies. 

No new matter is added by these amendments. 

Priority 

Based on the ability of the claimed polypeptides to inhibit VEGF stimulated 
proliferation of adrenal cortical capillary endothelial cells, which was disclosed in 
application PCT/USOO/04414, the Examiner accorded February 22, 2000 as the earliest 
priority date to the present application. 

As discussed in the arguments below, the gene amplification data, which provide 
patentable utility for the PR021 1 polypeptides claimed, were first disclosed in 
application PCT/US98/18824, filed on September 10, 1998. Accordingly, the effective 
priority date of the present application is September 10, 1998 . 
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35 U.S.C. S112. First Paragraph, Rei cti ns 

Claims 39-43 and 50-51 stand rejected under 35 U.S.C. §112, first paragraph, 
for lack of enablement allegedly because a polypeptide having at least 80% amino acid 
sequence identity to the polypeptide of SEQ ID N0:2 which isolated polypeptide inhibits 
VEGF stimulated proliferation of adrenal cortical capillary endothelial cells, does not 
reasonably provide enablement for a polypeptide not identical to at least the mature 
form of SEQ ID N0:2 which does not have this activity. 

Applicants wish to claim priority to PCT/US98/18824, filed September 10. 1998 
and accordingly wish to rely on the gene amplification data for patentability. 

Applicants previously amended the claims to recite that the polypeptides are 
associated with the formation or growth of lung or colon tumors. In the Office Action, 
the Examiner states that the increased copy of DNA allegedly does not provide a 
readily apparent use for the polypeptide because 35 U.S.C. §101 clearly states that the 
invention must be useful in currently available form, which precludes any further 
experimentation to establish utility of the claimed invention. 

The specification discloses a substantial, specific and credible utility for the 
PR0211 polypeptide. Accordingly, the Examiner is respectfully requested to reconsider 
and withdraw the rejection of all pending claims. 

A Declaration under 37 C.F.R. §1.132 by Dr. Goddard was previously filed 
supporting that the TaqMan™ PCR technique is technically sensitive enough to detect 
at least a 2-fold increase in gene copy number relative to control. Dr. Goddard 
concludes that a gene identified as being amplified at least 2-fold by the quantitative 
TaqMan™ PCR assay in a tumor sample is useful as a marker for the diagnosis of 
cancer, for monitoring cancer development and/or measuring the efficacy of cancer 
therapy. 

The Examiner indicates that she did not receive Dr. Goddard's Declaration with 
the previously filed response. The stamped return postcard (a copy enclosed) indicates 
that the declaration was among the papers filed with the response to the first office 
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action. Applicants provide herewith another copy of Dr. Goddard's executed 
Declaration along with the attached Exhibits. 

Evidentiary Standard 

An Applicant's assertion of utility creates a presumption of utility that will be 
sufficient to satisfy the utility requirement of 35 U.S.C. §101. "unless there Is a reason 
for one skilled in the art to question the objective truth of the statement of utility or its 
scope." In re Lanqer . 503 F.2d 1380.1391. 183 USPQ 288. 297 (CCPA 1974). See. 
also In re Jolles . 628 F.2d 1322. 206 USPQ 885 (CCPA 1980): /n re Irons . 340 F.2d 
974, 144 USPQ 351 ^965): In re Sichert . 566 F.2d 1154. 1159. 196 USPQ 209. 212- 
13 (CCPA 1977). 

Compliance with 35 U.S.C. §101 Is a question of fact. Raytheon v. Roper . 724 
F.2d 951, 956, 220 USPQ 592, 596 (Fed. Cir. 1983) cert, denied, 469 US 835 (1984). 
The evidentiary standard to be used throughout ex parte examination in setting forth a 
rejection is a preponderance of the totality of the evidence under consideration. In re 
Getiker . 977 F.2d 1443. 1445, 24 USPQ2d 1443, 1444 (Fed. Cir. 1992) Thus, to 
overcome the presumption of tnjth that an assertion of utility by the applicant enjoys, 
the Examiner must establish that it is more likely than not that one of ordinary skill in the 
art would doubt the truth of the statement of utility. Only after the Examiner made a 
proper prima facie showing of lack of utility, shifts the burden of rebuttal to the 
applicant. The issue will then be decided on the totality of evidence. 

According to the Utility Examination Guidelines, 66 Fed. Reg. 1092 (2001 ) an 
invention complies with the utility requirement of 35 USC 101 if it has at least one 
asserted "specific, substantial and credible utility". In explaining the "substantial utility" 
standard MPEP 2107.01 cautions that Office personnel must be careful not to interpret 
the phrase 'immediate benefit to the public" to mean that products or services based on 
the claimed invention must be "currently available" to the public. Rather, any 
reasonable use that an applicant has identified for the invention that can be viewed as 
providing a public benefit should be accepted as sufficient at least with regard to 
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defining a "substantial utility". Indeed, the Guidelines for Examination of Applications 
for Compliance with the Utility Requirement, set forth in MPEP 210711(B) gives the 
following instruction to patent examiners: "If the Applicant has asserted that the claimed 
invention is useful for any particular practical purpose... and the assertion would be 
considered credible by a person of ordinary skill in the art, do not impose a rejection 
based on lack of utility". 

Finally, the Utility Guidelines restate the Patent Office's long established position 
that any asserted utility has to be "credible". Credibility is assessed from the 
perspective of one of ordinary skill in the art in view of the disclosure and any other 
evidence of record.. .that is probative of the applicant's assertions." (MPEP 2107 II 
(B)(1)(ii)) Such standard is presumptively satisfied unless the logic underlying the 
assertion is seriously flawed, or if the facts upon which the assertion is based are 
inconsistent with the logic underlying the assertion (Revised Interim Utility Guidelines 
Training Materials, 1999). 

Proper Application of the Legal Standard 

Applicants submit that the gene amplification data provided in the present 
application as explained below and in the Goddard Declaration and the enclosed 
Ashkenazi Declaration is sufficient to establish a specific, substantial and credible utility 
for the PR0211 polypeptide to which the claimed antibodies are directed. Accordingly, 
the claimed invention is enabled. 

The Declaration by Audrey Goddard clearly establishes that the TaqMan™ 
realtime PCR method described in Example 92 has gained wide recognition for its 
versatility, sensitivity and accuracy and is in extensive use for the study of gene 
amplification. The Declaration confirms that based on the gene amplification results set 
forth in Table 9 one of ordinary skill would find it credible that PRO 211 is a diagnostic 
marker of human lung and colon cancer. 

Applicants would direct the Examiner to pages 222, line 44 to page 223, line 223 
which states "The results of the TaqMan™ are reported in delta (A) CT units. One unit 
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corresponds to 1 PGR cycle or approximately a 2-fold amplification relative to normal, 
two units corresponds to 4-fold..." it is well known that gene amplification occurs in 
most solid tumors and generally is associated with poor prognosis. As shown in 
Example 92 and Table 9, PR021 1 showed approximately 2-5 fold amplification in 30 
primary tumors. The Goddard Declaration confirms that based upon the gene 
amplification results set forth in Table 9 one of ordinary skill would find it credible that 
PR021 1 is a diagnostic marker of human lung cancer. Accordingly. PR021 1 
polypeptides would be useful to generate antibodies as diagnostic reagents for 
diagnosing lung tumors. 

Also enclosed is a Declaration by Avi Ashkenazi. Ph.D.. an expert in the field of 
cancer biology. In his Declaration, Dr. Ashkenazi confirms that even in the absence of 
over-expression of the gene product, amplification of a cancer marker gene - as 
detected, for example by the reverse transcriptase TaqMan™PCR or the fluorescence 
in situ hybridization (FISH) assays - is useful in the diagnosis or classification of cancer, 
or in predicting or monitoring the efficacy of cancer therapy. 

The working hypothesis among those skilled in the art is that, if a gene is 
amplified in cancer, the encoded protein is likely to be expressed at an elevated level. 

As Dr Ashkenazi explains in his Declaration, 

even when amplification of a cancer marker gene does not result in 
significant over-expression of the corresponding. gene product, this very 
absence of gene product over-expression still provides significant 
information for cancer diagnosis and treatment. Thus, if over-expression 
of the gene product does not parallel gene amplification in certain tumor 
types but does so in others, then parallel monitoring of gene amplification 
and gene product over-expression enables more accurate tumor 
classification and hence better determination of suitable therapy. In 
addition, absence of over-expression is crucial information for the 
practicing clinician. If a gene is amplified but the corresponding gene 
product is not over-expressed, the clinician accordingly will decide not to 
treat a patient with agents that target that gene product. 
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Accordingly, the PR021 1 polypeptide and antibodies binding to it have a 
substantial specific utility. For the reasons set forth above, the present rejection under 
35 use 112, first paragraph for lack of enablement should be withdrawn. 

Claims Rejection - 35 U.S.C. S112, First Paragraph, Written Description 

Claims 39-43 and 50-51 also stand rejected under 35 U.S.C. §112, first 
paragraph, as containing subject matter which was not described in the specification in 
such a way as to reasonably convey to one skilled in the art that the inventors had 
possession of the claimed invention. The claims recite a biological activity, "associated 
with the formation or growth of long or colon tumor' and the asserted activity allegedly 
lacks support in the specification as filed. 

Applicants traverse this rejection for the reasons set forth above. The 
specification does provide written description of the recited biologicial activity as 
previously discussed. Withdrawal of this rejection is respectfully requested. 

The present application is believed to be in prima facie condition for allowance, 
and an early action to that effect is respectfully solicited. 

Please charge any additional fees, including any fees for additional extension of 
time, or credit overpayment to Deposit Account No. 08-1641 (Attorney's Docket 
No. 39780-1618 P2C5 ). Please direct any calls in connection with this application to 
the undersigned at the number provided below. 



HELLER EHRMAN WHITE & McAULIFFE LLP 

275 Middlefield Road 
Menio Park, California 94025 
Direct Dial: (650)324-6786 
Telephone: (650) 324-7000 
Facsimile: (650) 324-0638 



Respectfully submitted. 



Date: October 21, 2003 
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BV THE UNITED STATES PATENT OFF.CE HELLER- EH RMAN 



THE UNITED STATES PATENT AND TRADEMARK OFFICE 



. Applicant 



Ashkenazi et al. 



Group Art Unit 1647 



CERTIFICATE OF EXPRESS MAILING 



App. No. 



09/903,925 



I hereby certify that this correspondence is 



Filed 



July 11,2001 



being deposited with the United States 
Postal Service with sufficient postage as 



first class mail in an envelope addressed to 



For 



SECRETED AND 
TRANSMEMBRANE 
POLYPEPTIDES AND NUCLEIC 
ACIDS ENCODING THE SAME 



Commissioner of Patents, Washington 
D.C. 20231 on: 



(Date) 



Examiner : Hamud, Fozia M 



Commissioner of Patents 

P.O. Box 1450 

Alexandria, VA 22313-1450 

DECLARATION OF AVI ASHKENAZL Ph.D UNDER 37 C.F.R. S 1.132 

I, Avi Ashkenazi, Ph.D. declare and say as follows: - 

1 . I am Director and Staff Scientist at the Molecular Oncology Department of 
Genentech, Inc., South San Francisco, CA 94080. 

2. I joined Genentech in 1988 as a postdoctoral fellow. Since then, I have . 
investigated a variety of cellular signal transduction mechanisms, including apoptosis, and have 
developed technologies to modulate such mechanisms as a means of therapeutic intervention in 
cancer and. autoimmune disease. I am currently involved in the investigation of a series of 
secreted proteins over-expressed in tumors, with the aim to identify useful targets for the 
development of theirapeutic antibodies for cancer treatment. 

3. My scientific Curriculum Vitae, including my hst of publications, is attached to 
and forms part of this Declaration (Exhibit A); . 

4. Gene amplification is a process in which chromosomes undergo changes to 
contain multiple copies of certain genes that normally exist as a single copy, and is an important 
factor in the pathophysiology of cancer. Amplification of certain genes (e.g., Myc or Her2/Neu) 



gives cancer cells a growth or survival advantage relative to normal cells, and might also provide 
a mechanism of tumor cell resistance to chemotherapy or radiotherapy, 

5. If gene amphfication results in over-expression of the mRNA and the 
corresponding gene product, then it identifies that gene product as a promising target for cancer 
therapy, for example by the therapeutic antibody approach. Even in the absence of over- 
expression of the gene product, amphfication of a cancer marker gene - as detected, for example, 
by the reverse transcriptase TaqMan® PGR or the fluorescence in situ hybridization (FISH) 
assays -is useful in the diagnosis or classification of cancer, or in predicting or monitoring the 
efficacy of cancer therapy. An increase in gene copy number can result not only from 
intrachromosomal changes but also from chromosomal aneuploidy. It is important to understand 
that detection of gene amphfication can be used for cancer diagnosis even if the determination 
includes measurement of chromosomal aneuploidy. Indeed, as long as a significant difference 
relative to normal tissue is detected, it is irrelevant if the signal originates from an increase in the 
number of gene copies per chromosome and/or an abnormal nufnber of chromosomes. 

6. I understand that according to the Patent Office, absent data demonstrating that 
the increased copy number of a gene in certain types of cancer leads to increased expression of 
its product, gene amplification data are insufficient to provide substantial utility or well 
estabUshed utility for the gene product (the encoded polypeptide), or an antibody specifically 
binding the encoded polypeptide. However, even when amphfication of a cancer marker gene 
does not result in significant over-expression of the corresponding gene product, this very 
absence of gene product over-expression still provides significant information for cancer . 
diagnosis and treatment. Thus, if over-expression of the gene product does not parallel gene 
amplification in certain tumor types but does so in others, then parallel monitoring of gene 
amplification and gene product over-expression enables more accurate tumor classification and 
hence better determination of suitable therapy, hi addition, absence of over-expression is crucial 
information for the practicing cUnician. If a gene is amplified but the corresponding gene 
product is not over-expressed, the clinician accordingly will decide not to treat a patient with 
agents that target that gene product. 

7. I hereby declare that all statements made herein of my own knowledge are true 
and that all statements made on information or behef are believed to be true, and ftirther that 
these statements were made with the knowledge that willful false statements and the like so 



made are punishable by fine or imprisonment, or both, under Section 1001 of Title 18 of the 
United States Code and that such willful statements may jeopardize the vaUdity of the 
application or any patent issued thereon. 

Avi Ashkenazi, Ph.D. ' 
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Editorial Board Member: Current Biology 
Associate Editor, Clinical Cancer Research. 
Associate Editor, Cancer Biology and Therapy. 
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increasing protein in rats. J. Clin. Invest. 95, 1947-1952 (1995). 

37. Marsters, S., Penica, D., Bach, E., Schreiber, R., and Ashkenazi. A. hiterferon y 
signals via a high-affinity multisubunit receptor complex that contains two types 
of polypeptide chain. Proc. Natl. Acad. Sci. USA. 92, 5401-5405 (1995). 

38. Van Zee, K., Moldawer, L., Oldenburg, H., Thompson, W., Stackpole, S., 
Montegut, W., Rogy, M., Meschter, C, Gallati, H., Schiller, C, Richter, W., 
Loetcher, H., Ashkenazi. A .. Chamow, S., Wurm, F., Calvano, S., Lowry, S., and 
Lesslauer, W. Protection against' lethal E. coli bacteremia in baboons by 
pretreatment with a 5 5-kDa TNF receptor-Ig fusion protein, Ro45-2081. y. 

Immunol. 156, 2221-2230 (1996). 

39. Pitti, R., Marsters, S., Ruppert, S., Donahue, C, Moore, A., and Ashkenazi. A. 
Induction of apoptosis by Apo-2 Ligand, a new member of the tumor necrosis 
factor cytokine family. J. Biol. Chem. 271 , 1 2687- 1 2690 (1 996). 
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40. Marsters, S., Pitti, R., Donahue, C, Rupert, S., Bauer, K., and Ashkenazi, A. 
Activation of apoptosis by Apo-2 ligand is independent of FADD but blocked by 
CrmA. Curr. Biol. 6, 1669-1676 (1996). 

41. Marsters, S., Skubatch, M., Gray, C., and AsUcen^LA. Herpesvirus entry 
mediator, a novel member of the tumor necrosis factor receptor family, activates 
theNF-icB and AP-1 transcription factors. /. Biol. Chem. 272, 14029-14032 
(1997): 

42. Sheridan, J., Marsters, S., Pitti, R., Gumey, A., Skubatch, M., Baldwin, D., 

• Ramakrishnan, L., Gray, C, Baker, K., Wood, W.I., Goddard, A., Godowski, P., and 
Ashkenazi. A. Control of TRAIL-induced apoptosis by a family of signaling and 
decoy receptors. Science 277, 818-821 (1997). 

43. Marsters, S., Sheridan, J., Pitti, R., Gumey, A., Skubatch, M., Balswin, D., Huang, A., 
Yuan, J., Goddard, A., Godowski, P., and Ashkenazi. A. A novel receptor for 
Apo2L/TRAIL contains a truncated death domain. Curr. Biol. 7, 1003-1006 (1997). 

44. Marsters, A., Sheridan, J., Pitti, R., Brush, J., Goddard, A., and Ashkenazi, A. 
Identification of a ligand for the death-domain-containing receptor Apo3. Curr. Biol. 
8, 525-528 (1998). 

45. Rieger, J., Naumann, U., Glaser, T., Ashkenazi. A ., and Weller, M. Apo2 Ugand: 
a novel weapon against malignant glioma? FEBSLett. 427, 124-128 (1998). 

46. Pender, S., Fell, J., Chamow, S., Ashkenazi. A ., and MacDonald, T. A p55 TNF 
receptor immunoadhesin prevents T cell mediated intestinal injury by inhibiting 
matrix metalloproteinase production. /. Immunol. 160, 4098-4103 (1998). 

47. Pitti, R., Marsters, S., Lawrence, D., Roy, Kischkel, F., M., Dowd, P., Huang, A., 
Donahue, C., Sherwood, S., Baldwin, D., Godowski, P.; Wood, W., Gumey, A., 
Hillan, K., Cohen, R., Goddard, A., Botstein, D., and Ashkenazi. A. Genomic 
amplification of a decoy receptor for Fas Ugand in lung and colon cancer. Nature 
396, 699-703 (1998). 

48. Mori, S., Marakami-Mori, K., Nakamura, S., Ashkenazi. A., and Bonavida, B., 
Sensitization of AIDS Kaposi's sarcoma cells to Apo-2 ligand-induced apoptosis 
by actinomycin D. / Immunol. 162, 5616-5623 (1999). 

49. Gumey, A. Marsters, S., Huang, A., Pitti, R., Mark, M., Baldwin, D., Gray, A., 
Dowd, P., Brush, J., Heldens, S., Schow, P., Goddard, A., Wood, W., Baker, K., 
Godowski, P., and Ashkenazi. A. Identification of a new member of the tumor 
necrosis factor family and its receptor, a human ortholog of mouse GITR. Curr. 

9,215-218 (1999). 
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50. Ashkenazi. A ., Pai, R., Fong, s., Leung, S., Lawrence, D., Marsters, S., Blackie, 
C, Chang, L., McMurtrey, A., Hebert, A., DeForge, L., Khoumenis, L, Lewis, D., 
Harris, L., Bussiere, J., Koeppen, H., Shahrokh, Z., and Schwall, R. Safety and 
anti-tumor activity of recombinant soluble Apo2 ligand. J. Clin. Invest. 104, 155- 
162(1999). 

5 1 . Chuntharapai, A., Gibbs, V., Lu, J., Ow, A., Marsters, S., Ashkenazi, A., De Vos, 
A., Kim, K.J. Determination of residues involved in ligand binding and signal 
transmissiion in the human IFN-a receptor 2. J. Immunol. 163, 766-773 (1999). 

52. Johnsen, A.-C, Haux, J., Steinkjer, B., Nonstad, U., Egeberg, K, Sundan, A., 
Ashkenazi, A., and Espevik, T. Regulation of Apo2L/TRAIL expression in NK 
cells - involvement in NK cell-mediated cytotoxicity. Cytokine 11, 664-672 
(1999). 

53. Roth, W., Isenmann, S., Naumann, U., Kugler, S., Bahr, M., Dichgans, 
Ashkenazi. A., and Weller, M. Eradication of intracranial human malignant 
glioma xenografts by Apo2L/TRAIL. Biochem. Biophys. Res. Commun. 265, 479- 
483 (1999). 

54. Hymowitz, S.G., Christinger, H.W., Fuh, G., Ultsch, M., O'Connell, M., Kelley, 
R.F., Ashkenazi. A. and de Vos, A.M. Triggering Cell Death: The Crystal 
Structure of Apo2L/TRAIL in a Complex with Death Receptor 5. Molec. Cell 4, 
563-571 (1999). 

55. Hymowitz, S.G., O'Connel, M.P., Utsch, M.H., Hurst, A., Totpal, K., Ashkenazi, 
A,, de Vos, A.M., Kelley, R.F. A unique zinc-binding site revealed by a high- 
resolution X-ray structure of homotrimeric Apo2L/TRAIL. Biochemistry 39, 633- 
640(2000). 

56. Zhou, Q., Fukushima, P., DeGraff, W., Mitchell, J.B., Stetler-Stevenson, M., 
Ashkenazi. A., and Steeg, P.S. Radiation and the Apo2L/TRAIL apoptotic 
pathway preferentially inhibit the colonization of premalignant human breast 
cancer cells overexpressing cyclin D 1 . Cancer Res. 60, 261 1 -26 1 5 (2000). 

57. Kischkel, F.C., Lawrence, D. A., Chuntharapai, A., Schow, P., Kim, J., and 
Ashkenazi. A. Apo2L/TRAIL-dependent recruitment of endogenous FADD and 
Caspase-8 to death receptors 4 and 5. Immunity 12, 611-620 (2000). 

58. Yan, M., Marsters, S.A., Grewal, I.S., Wang, H., * Ashkenazi. A., and *Dixit, 
V.M. Identification of a receptor for BlyS demonstrates a crucial role in humoral 
inmiunity. Mature, Immunol. 1,31 -4\ (2000). 
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59. Marsters, S.A., Yan, M., Pitti, R.M., Haas, P.E., Dixit, V.M., and Ashkenazi, A. 
Interaction of the TNF homologues BLyS and APRIL with the TNF receptor 
homologues BCMA and TACI. Curr. Biol. 10, 785-788 (2000). 

60. Kischkel, F.C., and Ashkenazi, A . Combining enhanced metabohc labeling with 
immunobiotting to detect interactions of endogenous cellular proteins. 
Biotechniques 19, 506-512 (2000). 

6 1 . Lawrence, D., Shahrokh, Z., Marsters, S., Achilles, K., Shih, D. Mounho, B., 
Hillan, K., Totpal, K. DeForge, L., Schow, P., Hooley, J., Sherwood, S., Pai, R., 
Leung, S., Khan, L., Gliniak, B., Bussiere, J., Smith, C, Strom, S., Kelley, S., 
Fox, J., Thomas, D., and Ashkenazi. A. Differential hepatocyte toxicity of 
recombinant Apo2L/TRArL versions. Nature Med. 7, 383-385 (2001). 

62. Chuntharapai, A., Dodge, K., Grimmer, K., Schroeder, K., Martsters, S.A., 
Koeppen, H., Ashkenazi. A ., and Kim, K.J. Isotype-dependent inhibition of 
tumor growth in vivo by monoclonal antibodies to death receptor 4. J. Immunol. 
166,4891-4898(2001). 

63. Pollack, I.F., Erff, M., and Ashkenazi. A . Direct stimulation of apoptotic 
signaling by soluble Apo2L/tumor necrosis factor-related apoptosis-inducing 
ligand leads to selective killing of glioma cells. Clin. Cancer Res. 7, 1362-1369 
(2001). 

64. Wang, H., Marsters, S.A., Baker, T., Chan, B., Lee, W.P., Fu, L., Tumas, D., Yan, 
M., Dixit, V.M., * Ashkenazi. A ., and *Grewal, I.S. TACI-ligand mteractions are 
required for T cell activation and collagen-induced arthritis in mice. Nature 
Immunol. 2, 632-637 (2001). 

65. Kischkel, F.C., Lawrence, D. A., Tinel, A., Virmani, A., Schow, P., Gazdar, A., 
Blenis, J., Amott, D., and Ashkenazi. A . Death receptor recruitment of 
endogenous caspase-10 and apoptosis initiation in the absence of caspase-8. J. 
Biol. Chem. 216, 46639-46646 (2001). 

66. LeBlanc, H., Lawrence, D.A., Varfolomeev, E.,.Totpal, K., Morlan, J., Schow, P., 
Fong, S., Schwall, R., Sinicropi, D., and Ashkenazi. A Tumor cell resistance to 
death receptor induced apoptosis through mutational inactivation of the 
proapoptotitc Bcl-2 homolog Bax. Nature Med. 8, 274-281 (2002). 

67. Miller, K., Meng, G., Liu, J., Hurst, A., Hsei, V., Wong, W-L., Ekert, R., 
Lawrence, D., Sherwood, S., DeForge, L., Gaudreault., Keller, G., Sliwkowski, 
M., Ashkenazi. A ., and Presta, L. Design, Construction, and analyses of 
multivalent antibodies. J. Immunol. 170, 4854-4861 (2003). 
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68. Varfolomeev, E., Kischkel, F., Martin, F., Wanh, H., Lawrence, D., Olsson, C, 
Tom, L., Erickson, S., French, D., Schow, P., Grewal, I. and Ashkenazi, A. 
Immune system development in APRJL knockout mice. Submitted. 

Review articles: 

1 . Ashkenazi. A., Peralta, E., Winslow, J., Ramachandran, J., and Capon, D., J . 
Functional role of muscarinic acetylcholine receptor subtype diversity. Cold 
Spring Harbor Symposium on Quantitative Biology. LIII, 263-272 (1988). 

2. Ashkenazi, A ., Peralta, E., Winslow, J., Ramachandran, J ., and Capon, D. 
Functional diversity of muscarinic receptor subtypes in cellular signal 
transduction and growth. Trends Pharmacol. Sci. Dec Supplement, 12-21 (1989). 

3. Chamow, S., Duliege, A., Ammann, A., Kahn, J., Allen, D., Eichberg, J., Bym, 
R., Capon, D., Ward, R., and Ashkenazi, A . CD4 immunoadhesins in anti-HIV 
therapy: new developments. Int. J. Cancer Supplement 7, 69-72 (1992). 

4. Ashkenazi, A ., Capon, and D. Ward, R. hnmunoadhesins. Int. Rev. Immunol. 10, 
217-225 (1993). 

5. Ashkenazi, A ., and Peralta, E. Muscarinic Receptors. Tn Handbook of Receptors 
and Channels. (S. Peroutka, ed.), CRC Press, Boca Raton, Vol. I, p. 1-27, (1994). 

6. Krantz, S. B., Means, R. T., Jr., Lina, J., Marsters, S. A., and Ashkenazi, A . 
hihibition of erythroid colony formation in vitro by gamma mterferon. hi 
Molecular Biology of Hematopoiesis (N. Abraham, R. Shadduck, A. Levine F. 
Takaku, eds.) hitercept Ltd. Paris, Vol. 3, p. 135-147 (1994). 

7. Ashkenazi, A . Cytokine neutraUzation as a potential therapeutic approach for 
SIRS and shock. J. Biotechnology in Healthcare 1, 197-206 (1994). 

8. Ashkenazi, A ., and Chamow, S. M. hnmunoadhesins: an alternative to human 
monoclonal antibodies. Immunomethods: A companion to Methods in 
£«z/mo/ogy 8, 104-115 (1995). 

9. Chamow, S., and Ashkenazi. A . hnmunoadhesins: Principles and Apphcations. 
Trends Biotech. 14, 52-60 (1996). 

10. Ashkenazi, A ., and Chamow, S. M. hnmunoadhesins as research tools and 
therapeutic agents. Curr. Opin. Immunol. 9, 195-200 (1997). 

1 1 . Ashkenazi, A ., and Dixit, V. Death receptors: signaling and modulation. Science 
281, 1305-1308 (1998). 

12. Ashkenazi, A ., and Dixit, V. Apoptosis control by death and decoy receptors. 
Curr. Opin. Cell. Biol. 11, 255-260 (1999). 
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13. Ashkenazi, A . Chapters on Apo2L/TRAIL; DR4, DR5. DcRl, DcR2; and DcR3. 
Online Cytokine Handbook rwww.apnet. com/cvtokinereference/). 

1 4. Ashkenazi. A . Targeting death and decoy receptors of the tumor necrosis factor 
superfamily. Nature Rev. Cancer 2, 420-430 (2002). 

1 5 . LeBIanc, H. and Ashkenazi. A . Apoptosis signaling by Apo2L/TRAIL. Cell Death 
and Differentiation 10, 66-75 (2003). 

1 6. Almasan, A. and Ashkenazi. A . Apo2L/TRAIL: apoptosis signaling, biology, and 
potential for cancer therapy. Cytokine and Growth Factor Reviews 14, 337-348 
(2003). 

Book: 

Antibody Fusion Proteins (Chamow, S., and Ashkenazi. A., eds., John Wiley and 
Sons Inc.) (1999). 

Talks: 

1 . Resistance of primary HIV isolates to CD4 is independent of CD4-gp 1 20 binding 
affinity. UCSD Symposium, mV Disease: Pathogenesis and Therapy. 
Greenelefe, FL, March 1991. 

2. Use of immuno-hybrids to extend the half-life of receptors. BC conference on 
Biopharmaceutical Halflife Extension. New Orleans, LA, June 1992. 

3. Results with TNF receptor hnmunoadhesins for the Treatment of Sepsis. IBC 
conference on Endotoxemia and Sepsis. Philadelphia, PA, June 1992. 

4. hnmunoadhesins: an alternative to human antibodies. IBC conference on 
Antibody Engineering. San Diego, CA, December 1993. 

5 . Tumor necrosis factor receptor: a potential therapeutic for human septic shock. 
American Society for Microbiology Meeting, Atlanta, GA, May 1 993 . 

6. Protective efficiacy of TNF receptor immunoadhesin vs anti-TNF monoclonal 
antibody in a rat model for endotoxic shock. 5th hitemational Congress on TNF. 
Asilomar, CA, May 1994. 

7. hiterferon-Y signals via a multisubunit receptor complex that contains two types of 
polypeptide chain. American Association of hnmunologists Conference. San 
Franciso,CA, July 1995. 

8. hnmunoadhesins: Principles and Applications. Gordon Research Conference on 
Drug Delivery in Biology and Medicine. Ventura, CA, February 1996. 
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9. Apo-2 Ligand, a new member of the TNF family that induces apoptosis in tumor 
cells. Cambridge Symposium on TNF and Related Cytokines in Treatment of 
Cancer. Hilton-Head, NC, March 1996. 

1 0. Induction of apoptosis by Apo2 Ligand. American Society for Biochemistry and 
Molecular Biology, Symposium on Growth Factors and Cytokine Receptors. New 
Orleans, LA, June, 1996. 

1 1 . Apo2 ligand, an extracellular trigger of apoptosis. 2nd Clontech Symposium, 
Palo Alto, CA, October 1996. 

1 2. Regulation of apoptosis by members of the TNF hgand and receptor famihes. 
Stanford University School of Medicine, Palo Alto, CA, December 1996. 

13. Apo-3 : anovel receptor that regulates cell death and inflammation. 4th 
International Congress on Immune Consequences of Trauma, Shock, and Sepsis. 
Munich, Germany, March 1997. 

14. New members of the TNF ligand and receptor families that regulate apoptosis, 
inflammation, and immunity. UCLA School of Medicine, LA, CA, March 1997. 

15. Immunoadhesins: an alternative to monoclonal antibodies. 5th World Conference 
on Bispecific Antibodies. Volendam, Holland, June 1997. 

16. Control of Apo2L signaling. Cold Spring Harbor Laboratory Symposium on 
Programmed Cell Death. Cold Spring Harbor, New York. September, 1997. 

1 7. Chairman and speaker, Apoptosis Signaling session. IBC's 4th Annual 
Conference on Apoptosis. San Diego, CA., October 1997. 

1 8. Control of Apo2L signaling by death and decoy receptors. American Association 
for the Advancement of Science. Philladelphia, PA, February 1998. 

19. Apo2 ligand and its receptors. American Society of hnmunologists. San 

Francisco, CA, April 1998. 

20. Death receptors and ligands. 7th International TNF Congress. Cape Cod, MA, 

May 1998. 

21. . Apo2L as a potential therapeutic for cancer. UCLA School of Medicine. LA, 
CA, June 1998. 

22. Apo2L as a potential therapeutic for cancer. Gordon Research Conference on 
Cancer Chemotherapy. New London, NH, July 1998. 

23. Control of apoptosis by Apo2L. Endocrine Society Conference, Stevenson, WA, 
August 1998. 

24. Control of apoptosis by Apo2L. International Cytokine Society Conference, 
Jerusalem, Israel, October 1998. 
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25. Apoptosis control by death and decoy receptors. American Association for 
Cancer Research Conference, Whistler, BC, Canada, March 1999. 

26. Apoptosis control by death and decoy receptors. American Society for 
Biochemistry and Molecular Biology Conference, San Francisco, CA, May 1999. 

27. Apoptosis control by death and decoy receptors. Gordon Research Conference on 
Apoptosis, New London, NH, June 1999. 

28. Apoptosis control by death and decoy receptors. Arthritis Foundation Research 
Conference, Alexandria GA, Aug 1999. 

29. Safety and anti-tumor activity of recombinant soluble Apo2L/TRAIL. Cold 
Spring Harbor Laboratory Symposium on Programmed Cell Death. . Cold Spring 
Harbor, NY, September 1999. 

30. The Apo2L/TRAIL system: therapeutic potential. American Association for 
Cancer Research, Lake Tahoe, NV, Feb 2000. 

3 1 . Apoptosis and cancer therapy. Stanford University School of Medicine, Stanford, 
CA, Mar 2000. 

32. Apoptosis and cancer therapy. University of Pennsylvania School of Medicine, 
Philladelphia, PA, Apr 2000. 

33. Apoptosis signaling by Apo2L/TRAlL. International Congress on TNF. 
Trondheim, Norway, May 2000. 

34. The Apo2L/TRAIL system: therapeutic potential. Cap-CURE summit meeting. 
Santa Monica, CA, June 2000. 

35. The Apo2L/TRAIL system: therapeutic potential. MD Anderson Cancer Center. 
Houston, TX, June 2000. 

36. Apoptosis signaling by Apo2UTRAIL. The Protein Society, 14* Symposium. 
San Diego, CA, August 2000. 

37. Anti-tumor activity of Apo2L/TRAIL. AAPS annual meeting. Indianapolis, IN 

Aug 2000. 

38. Apoptosis signaling and anti-cancer potential of Apo2L/TRAIL. Cancer Research 
Institute, UC San Francisco, CA, September 2000. 

39. Apoptosis signaling by Apo2L/TRAIL. Kenote address, TNF family 
Minisymposium, NTH. Bethesda, MD, September 2000. 

40. Death receptors: signaling and modulation. Keystone symposium on the 
Molecular basis of cancer. Taos, NM, Jan 2001 . 

41. Preclinical studies of Apo2L/TRAIL in cancer. Symposium on Targeted therapies . 
in the treatment of lung cancer. Aspen, CO, Jan 2001 . 
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42. Apoptosis signaling by Apo2L/TRAIL. Wiezmann Institute of Science, Rehovot, 
Israel, March 2001. 

43. Apo2L/TRAIL: Apoptosis signaling and potential for cancer therapy. Weizmann 
Institute of Science, Rehovot, Israel, March 2001. 

44. Targeting death receptors in cancer with Apo2L/TRAIL. Cell Death and Disease 
conference, North Fahnouth, MA, Jun 200 1 . 

45. Targeting death receptors in cancer with Apo2L/TRAIL. Biotechnology 
Organization conference, San Diego, CA, Jun 2001. 

46. Apo2L/TRAIL signaling and apoptosis resistance mechanisms. Gordon Research 
Conference on Apoptosis, Oxford, UK, July 2001. 

47. Apo2L/TRAIL signaling and apoptosis resistance mechanisms. Cleveland Clinic 
Foundation, Cleveland, OH, Oct 2001. 

48. Apoptosis signaling by death receptors: overview. International Society for 
Interferon and Cytokine Research conference, Cleveland, OH, Oct 2001. 

49. Apoptosis signaling by death receptors. American Society of Nephrology 
Conference. San Francisco, CA, Oct 2001. ^ 

50. Targeting death receptors in cancer. Apoptosis: conunercial opportunities. San 
Diego, CA, Apr 2002. 

5 1 . Apo2L/TRAIL signaling and apoptosis resistance mechanisms. Kimmel Cancer 
Research Center, Johns Hopkins University, Baltimore MD. May 2002. 

52. Apoptosis control by Apo2L/TRAIL. (Keynote Address) University of Alabama 
Cancer Center Retreat, Birmingham, Ab. October 2002. 

53. Apoptosis signaling by Apo2L/TRAIL. (Session co-chair) TNF international 
conference. San Diego, CA. October 2002. 

54. Apoptosis signaling by Apo2L/TRAIL. Swiss Institute for Cancer Research 
(ISREC). Lausanne, Swizerland. Jan 2003. 

55. Apoptosis induction with Apo2L/TRAIL. Conference on New Targets and 
Innovative Strategies in Cancer Treatment. Monte Carlo. February 2003. 

56. Apoptosis signaling by Apo2L/TRAIL. Hermelin Brain Tumor Center 
Symposium on Apoptosis. Detroit, MI. April 2003. 

57. Targeting apoptosis through death receptors. Sixth Annual Conference on 
Targeted Therapies in the Treatment of Breast Cancer. Kona, Hawaii. July 2003. 

58. Targeting apoptosis through death receptors. Second International Conference on 
Targeted Cancer Therapy. Washington, DC. Aug 2003. 
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DECLARATION OF AUDREY D. GODPARD. Ph.D UNDER 37 C.F.R § L132 

Assistant Commissioner of Patents 
Washington, D.C. 20231 

Sir: 

I, Audrey D. Goddard, Ph.D. do hereby declare and say as follows: 

1 . I am a Senior Clinical Scientist at the Experimental Medicine/BioOncology, Medical 
Affairs Department of Genentech, Inc., South San Francisco, California 940.80. 

2. Between 1 993 and 200 1 , 1 headed the DNA Sequencing Laboratory at the Molecular 
Biology Department of Genentech, Inc. During this time, my responsibilities included the 
identification and characterization of genes contributing to the oncogenic process, and determination 
of the chromosomallocalization of novel genes. 

3 . My scientific Curriculum Vitae, including my list of publications, is attached to and 
* forms part of this Declaration (Exhibit A). 
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Serial No,: * 
Filed: * 

4. I am familiar with a variety of techniques known in the art for detecting and 
quantifying the amplification of oncogenes in cancer, including the quantitative TaqMan PGR (i.e., 
"gene amplification") assay described in the above captioned patent applicatioa 

5. The TaqMan PGR assay is described, for example, in the following scientific 
publications: Higuchi et al.. Biotechnology 10:413-417 (1992) (Exhibit B); Livak et ai, PGR 
Methods Appl., 4:357-362 (1995) (Exhibit G).and Heid et aL, Genome Res. 6:986-994 (1996) • 
(Exhibit D). Briefly, the assay is based on the principle that successful PGR yields a fluorescent 
signal due to Taq DNA polymerase-mediated exonuclease digestion of a fluorescently labeled 
oligonucleotide that is homologous to a sequence between two PGR primers. The extent of 
digestion depends directly on the amount of PGR, and can be quantified accurately by measuring the 
increment in fluorescence that results from decreased energy transfer. This is an extremely sensitive 
iechnique, which allows detection in the exponential phase of the PGR reaction and, as a result, 
leads to accurate determination of gene copy number. 

6. The quantitative fluorescent TaqMan PGR assay has been extensively and 
successfully used to characterize genes involved in cancer development and progression. 
Amplification of protooncogenes has been studied in a variety of human tumors, and is widely 
considered as having etiological, diagnostic and prognostic significance. This use of the quantitative 
TaqMan PGR assay is exemplified by the following scientific publications:. Pennica et aL, Proc. 
Natl. Acad: Sci. USA 95(25): 147 17- 14722 (1998) (Exhibit E)- ' Pitti et aL, Nature 
396(6712);699-703 (1998) (Exhibit F) andBieche et a/.. Int. J. Gancer 78:661-666 (1998) (Exhibit 
G), the first two of which I am co-author. In psurticular, Pennica et aL have used the quantitative 
TaqMan PGR assay to study relative gene amplification of WISP and c-myc in various cell lines, 
colorectal tumors and normal mucosa. Pitti et aL studied "the genomic amplification of a decoy 
receptor foir Fas ligand in lung and colon cancer, using the quantitative TaqMan PGR assay. Bieche 
et aL used the assay to study gene amplification in breast cancer. 
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7. It is my personal experience that the quantitative TaqMan PCR technique is 
technically sensitive enough to detect at least a 2-fold increase in gene copy number relative to 
control. It is further my considered scientific opinion that an at least 2-fold increase in gene copy 
number in a tumor tissue sample relative to a noimal (i.e., non-tumor) sample is significant and 
useful in that the detected increase in gene copy number in the tumor sample relative to the normal 
sample serves as a basis for using relative gene copy number as quantitated by the TaqMan PGR 
technique as a diagnostic marker for the presence or absence of tumor in a tissue sample of unknown 
pathology. Accordingly, a gene identified as being amplified at least 2-fold by the quantitative 
TaqMan PGR- assay. in a tumor sample relative to a normal sample is useful as a marker for the 
diagnosis of cancer, for monitoring cancer development and/or for measuring the efficacy of cancer 
therapy. 

8. I declare fiirther that all statements made herein of my own knowledge are true and 
that all statements made on information and belief are believed to be true. I declare that these 
statements were made with the knowledge that willful false statements and the like so made are 
punishable by fine or imprisonment, or both, under Section 1001 of Title 18 of the United States 
Code, and that such willful false statements may jeopardize the validity of the application or any 
patent issuing thereon. 
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goddarda@gene.conn 



Genentech, Inc. 
1 DNA Way 

South Sari Francisco, CA. 94080 
650.225.6429 



110 Congo St. 

San Francisco, CA, 94131 

415.841.9154 

415.819.2247 (mobile) 

agoddard@pacbell.net 



PROFESSIONAL EXPERIENCE 



Genentech, Inc. 



1993-present 



South San Francisco, CA 

2001 - present Senior Clinical Scientist 

Experinnental Medicine / BioOncology, Medical Affairs 

Responsibilities: 

• Companion diagnostic oncology products 

• Acquisition of clinical samples from Genentech's clinical trials for translational research 

• Translational research using clinical specimen and data for drug development and 
diagnostics 

• Member of Development Science Review Committee, Diagnostic Oversight Team, 21 CFR 
Part 1 1 Subteam 

Interests: 

• Ethical and legal implications of experiments with clinical specimens and data 

• Application of pharmacogenomics in clinical trials ^ 

1998 - 2001 Senior Scientist 

Head of the DNA Sequencing Laboratory, Molecular Biology Department, Research 
. Responsibilities: 

• Management of a laboratory of up to nineteen -including postdoctoral fellow, associate 
scientist, senior research associate and research assistants/associate levels 

• Management of a $750K budget 

• DNA sequencing core facility supporting a 350+ person research facility. 

• DNA sequencing for high throughput gene, discovery, - ESTs, cDNAs, and constructs 

• Genomic sequence analysis and gene identification 

• DNA sequence and primary protein analysis 

Research: 

• Chromosomal localization of novel genes 

' • Identification and characterization of genes contributing to the oncogenic process 

• Identification and characterization of genes contributing to inflammatory diseases 

• Design and development of schemes for high throughput genomic DNA sequence analysis 

• Candidate gene prediction and evaluation 
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1993 -1998 



Scientist 



Head of the DNA Sequencing Laboratory, Molecular Biology Department, Research 
Responsibilities 

• DNA sequencing core facility supporting a 350+ person research facility 

• Assumed responsibility for a pre-existing team of five technicians and expanded the group 
into fifteen, introducing a level of middle management and additional areas of research 

• Participated in the development of the basic plan for high throughput secreted protein 
discovery program - sequencing strategies, data analysis and tracking, database design 

• High throughput EST and cDNA sequencing for new gene identification. 

• Design and implementation of analysis tools required for high throughput gene identificatio 

• Chromosomal localization of genes encoding novel secreted proteins. 

Research: 

• Genomic sequence scanning for new gene discovery. 

• Development of signal peptide selection methods. 

• Evaluation of candidate disease genes. 

• Growth hormone receptor gene SNPs in children with Idiopathic short stature 

Imperial Cancer Research Fund 1989-1992 
London, UK with Dr. Ellen Solomon 

6/89-12/92 Postdoctoral Fellow 

• Cloning and characterization of the genes fused at the acute promyelocytic leukemia 
translocation breakpoints on chromosomes 17 and 15. 

• Prepared a successfully funded European Union multi-center grant application 



McMaster University 

Hamilton, Ontario, Canada with Dr. G. D. Sweeney 
5/83 - 8/83: NSERC Summer Student 

• In vitro metabolism of p-naphthoflavone in C57BI/6J and DBA mice 



EDUCATION 



Ph.D. 



University of Toronto 
Toronto, Ontario, Canada. 
Department of Medical 
Biophysics. 



"Phenotypic and genotypic effects of mutations in 
the human retinoblastoma gene," 
Supervisor: Dr. R. A. Phillips 



1989 



Honours B.Sc 

"The in vitro metabolism of the cytochrome P-448 
inducer p-naphthoflavone in C57BL/6J mice." 
Supervisor: Dr. G. D. Sweeney 



McMaster University, 
Hamilton, Ontario, Canada. 
Department of Biochemistry 



1983 
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ACADEMIC AWARDS 



Imperial Cancer Research Fund Postdoctoral Fellowship 

Medical Research Council Studentship 

NSERC Undergraduate Summer Research Award 

Society of Chemical Industry Merit Award (Hons. Biochem.) 

Dr. Harry Lyman Hooker Scholarship 

J.LW. Gill Scholarship 

Business and Professional Women's Club Scholarship 
Wyerhauser Foundation Scholarship 



1989-1992 
1983-1988 
1983 



1983 



1981-1983. 
1981-1982 
1980-1981 
1979-1980 



INVITED PRESENTATIONS 

Genentech's gene discovery pipeline: High throughput identification, cloning and 
characterization of novel genes. Functional Genomics: From Genome to Function. Litchfield . 
Park, AZ, USA. October 2000 

High throughput identification, cloning and characterization of novel genes. G2K:Back to 
Science, Advances in Genome Biology and Technology I. Marco Island, FL, USA. February 



Quality control in DNA Sequencing: The use of Phred and Phrap. Bay Area Sequencing 
Users Meeting, Berkeley. CA. USA. April 1999 

High throughput secreted protein identification and cloning. Tenth International Genome 
Sequencing and Analysis Conference. Miami,. FL. USA. September 1998 

The evolution of DNA sequencing: The Genentech perspective. Bay Area Sequencing Users 
Meeting, Berkeley. CA, USA. May 1998 

Partial Growth Hormone Insensitivity: The role of GH-receptor mutations in Idiopathic Short 
Stature. Tenth Annual National Cooperative Growth Study Investigators Meeting, San 
Francisco, CA. USA. October, 1996 . 

Growth hormone (GH) receptor defects are present in selected children with non-GH-deficient 
short stature: A molecular basis for partial GH-insensitivity. 76*^ Annual Meeting of The 
Endocrine Society, Anaheim, CA, USA. June 1994 

A previously uncharacterized gene, myl, is fused to the retinoic acid receptor alpha gene in 
acute promyelocytic leukemia. XV International Association for Comparative Research on 
Leukemia and Related Disease, Padua. Italy. October 1991 



2000 



i-,.... 
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PATENTS 

Goddard A, Godowski PJ, Gurney AL. NL2 Tie ligand homoiogue polypeptide. Patent 
Number: 6,455,496. Date of Patent: Sept. 24, 2002. 

Goddard A, Godowski PJ and Gurney AL. NL3 Tie ligand homoiogue nucleic acids. Patent 
Number: 6.426.218. Date of Patent: July 30. 2002, 

Godowski P, Gurney A, Hiilan KJ, Botstein D, Goddard A. Roy M, Ferrara N, Tumas D, 
/ Schwall R. NL4 Tie ligand homoiogue nucleic acid. Patent Number: 6,4137,770. Date of 
Patent: July 2, 2002. 

Ashkenazi A, Pong S, Goddard A, Gurney AL, Napier MA. Tunrias D, Wood Wl. Nucleic acid 
encoding A-33 related antigen poly peptides. Patent Number: 6,410.708. Date of Patent:: 
Jun. 25. 2002. 

Botstein DA, Cohen RL, Goddard AD, Gurney AL, Hiilan . KJ. Lawrence DA. Levine AJ. 
Pennica D. Roy MA and Wood Wl. WISP polypeptides and nucleic acids encoding same. 
Patent Number: 6.387,657. Date of Patent: May 14. 2002. 

Goddard A, Godowski PJ and Gurney AL. Tie ligands. Patent Number: 6.372.491. Date of 
Patent: Aprill 6. 2002. 

Godowski PJ. Gurney AL. Goddard A and Hiilan K. TIE ligand homoiogue antibody. Patent 
Number: 6,350.450. Date of Patent: Feb. 26. 2002. . 

Fong S. Ferrara N, Goddard A, Godowski PJ, Gurney AL, Hiilan K and Williams PM. Tie 
receptor tyrosine kinase ligand homologues. Patent Number: 6.348.351. Date of Patent: 
Feb. 19. 2002. 

Goddard A, Godowski PJ and Gurney AL. Ligand homologues. Patent Number: 6.348,350. 
Date of Patent: Feb. 1 9. 2002. 

Attie KM. Carisson LMS, Gesundheit N and Goddard A. Treatment of partial growth 
hormone insensitivity 'syndrome: Patent Number: 6.207,640. Date of Patent: March 27. 
2001. 

Fong S, Ferrara N. Goddard A. Godowski PJ, Gurney AL. Hiilan K and Williams PM. Nucleic 
acids encoding NL-3. Patent Number: 6.074.873, Date of Patent: June 13. 2000 

Attie K, Carisson LMS, Gesunheit N and Goddard A. Treatment of partial growth hormone 
insensitivity syndrome. Patent Number: 5,824,642. Date of Patent: October 20. 1998 

Attie K. Carisson LMS. Gesunheit N and Goddard A.. Treatment of partial growth hormone 
insensitivity syndrome. Patent Number: 5,646,1 13. Date of Patent: July 8, 1997 

Multiple additional provisional applications filed 
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PUBLICATIONS 

Seshasayee D, Dowd P, Gu Q, Erickson S, Goddard AD; Comparative sequence analysis of 
the HER2 locus in mouse and man. Manuscript in preparation. 

Abuzzahab MJ, Goddard A, Grigorescu F, Lautier C, Smith RJ and Chernausek SD. Human 
IGF-1 receptor mutations resulting in pre- and post-natal growth retardation. Manuscript in 
preparation. 

Aggarwal S, Xie, M-H, Foster J, Frantz G, Stinson J, Corpuz RT, Simmons L, Hillan K, 
Yansura DG, Vandlen RL, Goddard AD and Gurney AL. FHFR, a novel receptor for the 
fibroblast growth factors. Manuscript submitted. 

Adams SH, Chui C, Schilbach SL, Yu XX, Goddard AD, Grimaiai JC. Lee J, Dowd P, Colman 
S., Lewin DA; (2001) BFIT. a unique acyl-CoA thioesterase induced in thermogenic brown 
adipose tissue: Cloning, organization of the human gene, and assessment of a potential link 
to obesity. S/oc/iem/ca/Journa/ 360: 135-142. 

Lee J. Ho WH. Maruoka M. Corpuz RT. Baldwin DT. Foster JS. Goddard AD. Yansura DG. 
Vandlen RL Wood WI. Gurney AL. (2001) IL-17E, a novel proinflammatory ligand for the IL- 
17 receptor homolog IL-17Rh1. Journa/ of S/o/og/ca/ Chemistry 27 Q{2): 1660-1664. 

Xie M-H, AgganA/al S. Ho W-H, Foster J, Zhang Z, Stinson J,. Wood WI, Goddard AD and 
Gurney AL. (2000) Interieukin (IL)-22, a novel human cytokine that signals through the 
interferon-receptor related proteins eRF2-4 and IL-22R. Journal of Biological Chemistry 275: 
31335-31339. 

Weiss GA, Watanabe CK, Zhong A, Goddard A and Sidhu SS. (2000) Rapid mapping of 
protein functional epitopes by combinatorial alanine scanning. Proc, Natl. Acad, Sci. USA 97: 
8950-8954. . , 

Guo S, Yamaguchi Y, Schilbach S, Wada T.;Lee J, Goddard A, French D , Handa H, 
Rosenthal A. (2000) A regulator of transcriptional elongation controls vertebrate neuronal 
development Nafure 408: 366-369. ^ 

Yan M, Wang L-C, Hymowitz SG, Schilbach S, Lee J, Goddard A, de Vos AM, Gao WQ, Dixit 
VM. (2000) Two-amino acid molecular switch in an epithelial morphogen that regulates 
binding to two distinct receptors. Science 290: 523-527. 

Sehl PD, Tai JTN, Hillan KJ, Brown LA, Goddard A, Yang R, Jin H and Lowe DG. (2000) 
Application of cDNA microarrays in determining molecular phenotype in cardiac growth, 
development, and response to injury. Circulation 101: 1990-1999. 

Guo S, Brush J, Teraoka H, Goddard A, Wilson SW. Mullins MC and Rosenthal A. (1999) 
Development of noradrenergic neurons in the zebrafish hindbrain requires BMP,. FGF8, and 
the homeodomain protein soulless/Phox2A. Neuronic: 555-566. 

Stone D, Murone, M, Luoh, S, Ye W, Armanini P, Gurney A, Phillips HS, Brush, J, Goddard 
A, de Sauvage FJ and Rosenthal A. (1999) Characterization of the human suppressor of 
fused; a negative regulator of the zinc-finger transcription factor Gli. J. Cell Sci. 112: 4437- 
4448. 

Xie M-H, Holcomb I, Deuel B, Dowd P, Huang A, Vagts A, Foster J, Liang J, Brush J, Gu Q, 
Hillan K, Goddard A and Gurney, A.L. (1999) FGF-19, a novel fibroblast growth factor with 
unique specificity for FGFR4. Cyto/c/ne 11: 729-735. 
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Yan M, Lee J, Schilbach S, Goddard A and Dixit V. (1999) mE10, a novel caspase 
recruitment donnain-containing proapoptotic molecule. J. Biol, Chem, 274(15): 10287-10292. 

Gurney AL. Marsters SA, Huang RM, Pitti RM, Mark DT, Baldwin DT, Gray AM, Dowd P. • 
Brush J, Heldens S, Schow P, Goddard AD, Wood Wl,. Baker KP,,Godowski PJ and 
Ashkenazi A. (1999) Identification of a new member of the tumor necrosis factor family and its 
receptor, a human ortholog of mouse GITR. Current Biology 215-218, 

Ridgway JBB. Ng E, Kern JA ,Lee J, Brush J, Goddard A and Carter P. (1999) Identification 
of a human anti-CD55 single-chain Fv by subtractive panning of a phage library using tumor 
and nontumor cell lines. Cancer Research 59: 2718-2723. 

Pitti RM, Marsters SA, Lawrence DA, Roy M, Kischkel FC, Dowd P, Huang A, Donahue CJ, 
Shenwood SW, Baldwin DT, Godowski PJ, Wood Wl, Gurney AL, Hillan KJ, Cohen RL, 
Goddard AD, Botstein D and Ashkenazi A. (1998) Genomic amplification of a decoy receptor 
for Fas ligand in lung and colon cancer. Nature 396(6712): 699-703. 

Pennica D. Swanson TA, Welsh JW, Roy MA, Lawrence DA, Lee J, Brush J, Taneyhill LA, 
Deuel B, Lew M, Watanabe C, Cohen RL. Melhem MF, Finley GG, Quirke P, Goddard AD, 
Hiilan KJ, Gurney AL, Botstein D and Levine AJ. (1998) WISP genes are. members of the 
connective tissue growth factor family that are up-regulated in wnt-1 -transformed cells and 
aberrantly expressed in human colon tumors. Proc. Natl. Acad. Sci. CS/A. 95(25): 14717- 
14722. 

Yang RB, Mark MR, Gray A, Huang A, Xie MH, Zhang M, Goddard A, Wood Wl, Gurney AL 
and Godowski PJ. (1998) Toll-like receptor-2 mediates lipopolysaccharide-induced cellular 
signalling. Nature 395(6699): 284-288. 

Merchant AM, Zhu Z,'Yuan JQ. Goddard A, Adams CW, Presta LG and Carter P. (1998) An 
efficient route to human bispecific IgG. Nature Biotechnology 1 6(7): 677-68>1 . 

Marsters SA, Sheridan JP, Pitti RM, Brush J, Goddard A and Ashkenazi A. (1998) 
Identification of a ligand for the death-domain-containing receptor Apo3. Current Biology 8(9): 
525-528. 

Xie J, Murone M, Luoh SM, Ryan A, Gu Q. Zhang C, Bonifas JM, Lam CW, Hynes M, 
Goddard A, Rosenthal A, Epstein EH Jr. and de Sauvage FJ. (1998) Activating Smoothened 
mutations in sporadic basal-cell carcinoma. Nature. 391(6662): 90-92. 

Marsters SA, Sheridan JP, Pitti RM, Huang A, Skubatch M, Baldwin D, Yuan J, Gurney A, 
Goddard AD, Godowski P and Ashkenazi A. (1997) A novel receptor for Apo2L/TRAIL 
contains a truncated death domain. Current S/o/ogy. 7(12): 1003-1006, 

. Hynes M; Stone DM, Dowd M, Pitts-Meek S, Goddard A, Gurney A and Rosenthal A. (1997) 
Control of cell pattern in the neural tube by the zinc finger transcription factor Gli-I. Neuron 
19:15-26. 

Sheridan JP, Marsters SA, Pitti RM, Gurney A., Skubatch M, Baldwin D, Ramakrishnan L, 
Gray CL, Baker K, Wood Wl, Goddard AD, Godowski P, and Ashkenazi A. (1997) Control of 
TRAIL-lnduced Apoptosis by a Family of Signaling and Decoy Receptors. Science 277 
(5327): 818-821. 
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Goddard AD, Dowd P, Chernausek S, Geffner M, Gertner J, Hintz R, Hopwood N, Kaplan S, 
Plotnick L, Rogol A, Rosenfield R, Saenger P, Mauras N, Hershkopf R, Angulo M and Attie, K. 
(1997) Partial growth hormone insensitivity: The role of growth hormone receptor mutations in 
idiopathic short stature. J. Pediatr. 131: S51-55. 

Klein RD, Sherman D, Ho WH, Stone D, Bennett GL, Moffat B. Vandlen R, Sirnmons L, Gu Q, 
Hongo JA, Devaux B, Poulsen K, Armanini M, Nozaki C, Asai N, Goddard A, Phillips H, 
Henderson CE, Takahashi M and Rosenthal A. (1997) A GPI-linked protein that interacts with 
Ret to form a candidate neurturin receptor. Nature. 387(6634): 717-21. 

Stone DM, Hynes M, Armanini M, Swanson TA, Gu Q, Johnson RL. Scott MP. Pennica D, 
Goddard A, Phillips H, Noll M, Hooper JE, de Sauvage F and Rosenthal A. (1996) The 
tumour-suppressor gene patched encodes a candidate receptor for Sonic hedgehog. Nature 
384(6605): 129-34. 

-Marsters SA, Sheridan JP, Donahue CJ. Pitti RM, Gray CL, Goddard AD, Bauer KD and 
Ashkenazi A. (1996) Apo-3, a new member of the tumor necrosis factor receptor family, 
contains a death domain and activates apoptosis and NF-kappa p. Current Biology 6(12): 
1669-76. 

Rothe M, Xiong J, Shu HB, Williamson K, Goddard A and Goeddel DV. (1996) l-TRAF is a 
novel TRAF-interacting protein that regulates TRAF-mediated signal transduction. Proc, Natl. 
Acad. ScL USA S3: 8241-8246. 

Yang M, Luoh SM, Goddard A, Reilly D, Henzel W and Bass S. (1996) The bglX gene 
located at 47.8 min on the Escherichia coli chromosome encodes a periplasmic beta- 
glucosidase. A/f/croZ}/o/ogy 142: 1659-65. 

Goddard AD and Black DM. (1996) Familial Cancer in Molecular Endocrinology of Cancer. 
Waxman, J. Ed. Cambridge University Press, Cambridge UK, pp.1 87-21 5. 

Treanor JJS, Goodman L, de Sauvage F, Stone DM, Poulson.KT, Beck CD, Gray C, Armanini 
MP, Pollocks RA, Hefti F, Phillips HS, Goddard A, Moore MW, Buj-Bello A, Davis AM, Asai N, 
Takahashi M, Vandlen R, Henderson CE and Rosenthal A. (1996) Characterization of a 
receptor for GDNF. Nature 382: 80-83. 

Klein RD, Gu Q, Goddard A and Rosenthal A. (1996) Selection for genes encoding secreted 
proteins and receptors. Proc. Natl. Acad, ScL USA 93: 7108-7113. 

Winslow JW, Moran P, Valverde J, Shih A, Yuan JQ. Wong SC, Tsai SP, Goddard A, Henzel 
WJ, Hefti F and Caras I. (1995) Cloning of AL-1 , a ligand for an Eph-related tyrosine" kinase 
receptor involved in axon bundle formation. Neuron 14: 973-981 . 

Bennett BD, ZeiglerFC, Gu Q, Fendly B, Goddard AD, Gillett N and Matthews W. (1995) 
Molecular cloning of a ligand for the EPH-related receptor protein-tyrosine kinase Htk. Proc. 
Natl Acad. ScL USA 92: 1866-1870. 

Huang X, Yuang J, Goddard A, Foulis A, James RF, Lernmark A, Pujol-Borrell R, 
Rabinovitch A, Somoza N and Stewart TA. (1995) Interferon expression in the pancreases of 
patients with type I diabetes. Diabetes 44: 658-664. 

Goddard AD, Yuan JQ, Fairbairn L, Dexter M, Borrow J, Kozak C and Solomon E. (1995) 
Cloning of the murine homolog of the leukemia-associated PML gene. Mammalian Genome 
6:732-737. 
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Goddard AD, Covello R. Luoh SM, Clackson T, Attie KM, Gesundheit N. Rundle AC, Wells 
JA, Carlsson LMTI and The Growth Hormone Insensitivity Study Group. (1995) Mutations of 
the growth hormone receptor in children with idiopathic short stature. N, Engl. J. Med. 333: 
1093-1098. 

Kuo SS, Moran P, Gripp J, Armanini M, Phillips HS, Goddard A and Caras IW. (1994) 
Identification and characterization of Batk, a predominantly brain-specific non-receptor protein 
tyrosine kinase related to Csk, J. NeuroscL Res. 38: 705-715. 

Mark MR, Scadden DT, Wang Z, Gu Q, Goddard A and Godowski PJ. (1994) Rse, a novel 
receptor-type tyrosine kinase with homology to Axl/Ufo, is expressed at high levels in the 
brain. Journal of Biological Chemistry 269: 1 0720-1 0728. 

Borrow J, Shipley J, Howe.K. Kiely F, Goddard A, Sheer D. Srivastava A, Antony AC, 
Fioretos T, Mitelman F and Solomon E. (1994) Molecular analysis of simple variant 
translocations in acute promyelocytic leukemia. Genes Chromosomes Cancer 9: 234-243. 

Goddard AD and Solomon E. (1993) Genetics of Cancer. Adv. Hum. Genet 21:. 321 -376. 

Borrow J,. Goddard AD, Gibbons B, Katz F, Swirsky D, Fioretos T, Dube I. Winfield DA, 
Kingston J, Hagemeijer A, -Rees JKH, Lister AT and Solomon E. (1992) Diagnosis of acute 
promyelocytic leukemia by RT-PCR: Detection of PML-RARA and RARA-PML fusion 
transcripts. Sr. J. Haematol. 82: 529-540, 

Goddard AD, Borrow J and Solomon E. (1992) A previously uncharacterized gene, PML, is 
fused to the retinoic acid receptor alpha gene in acute promyelocytic leukemia. Leukemia 6 
SuppI 3: 117S-119S, 

Zhu X, Dunn JM, Goddard AD, Squire JA, Becker A, Phillips RA and Gallie BL. (1992) 
Mechanisms of loss of heterozygosity in retinoblastoma. Cytogenet Cell. Ggnef. 59: 248-252. 

Foulkes W, Goddard A. and Patel K. (1991) Retinoblastoma linked with Seascale [letter]. . 
British Med J. 302:409. . . 

Goddard AD, Borrow J, Freemont PS and Solomon E. (1991) Characterization of a novel zinc 
finger gene disrupted by the t(15;17) in acute promyelocytic leukemia. Science 254: 1371- 
1374: 

Solomon E, Borrow J and Goddard AD: (1991) Chromosomal aberrations in c?ncer Science 
254: 1153-1160. 

Pajunen L, Jones TA, Goddard A, Sheer D, Solomon E, Pihiajaniemi T and Kivirikko Kl. 
(1991) Regional assignment of the human gene coding for a multifunctional peptide (P4HB) 
acting as the (3-subunit of prolyl-4-hydroxylase and the enzyme protein disulfide isomerase to 
'l7q25. C3/fogenef. Ce//. Genef. 56: 165-168. 

Borrow J, Black DM. Goddard AD, Yagle MK, Frischauf A.-M and Solomon E. (1991) 
Construction and regional localization of a Not\ linking library from human chromosome 17q. 
Genom/cs 10: 477-480. 

Borrow J, Goddard AD, Sheer D and Solomon E. (1990) Molecular analysis of acute 
promyelocytic leukemia breakpoint cluster region on chromosome 17. Science 249: 1577- 
1580. 
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Myers JC, Jones TA, Pohjolainen E-R, Kadri AS, Goddard AD, Sheer D, Solomon E and 
Pihiajaniemi T. (1990) Molecular cloning of 5(IV) collagen and assignment of the gene to the 
region of the region of the X-chromosome containing the Alport Syndrome locus. Am, J. Hum. 
Genet 46: 1024-1033. 

Gallie BL, Squire JA, Goddard A, Dunn JM, Canton M, Hinton D, Zhu X and Phillips RA. 
(1990) Mechanisms of oncogenesis in retinoblastoma. Lab. Invest 62: 394-408. 

Goddard AD, Phillips RA, Greger V, Passarge E, Hopping W, Gallie BL and Horsthemke B. 
(1990) Use of the RB1 cDNA as a diagnostic probe in retinoblastoma families. Clinical 
Genetics Z7: 117-126. 

Zhu XP, Dunn JM, Phillips RA, Goddard AD, Paton KE. Becker A and Gallie BL (1989) 
Germline, but not somatic, mutations of the RBI gene preferentially involve the paternal 
allele. A/afure 340: 312-314. 

Gallie BL, Dunn JM, Goddard A, Becker A and Phillips RA. (1988) Identification of mutations 
in the putative retinoblastoma gene. In Molecular Biology of The Eve: Genes. Vision and 
Ocular Disease . UCLA Symposia on Molecular and Cellular Biology, New Series, Volume 88. 
J. Piatigorsky, T. Shinohara and P.S. Zelenka, Eds. Alan R. Liss, Inc., New York, 1988, pp. 
427-436. ... 

Goddard AD, Balakier H, Canton M, Dunn J, Squire J, Reyes E, Becker A, Phillips RA and 
Gallie BL. (1988) Infrequent genomic rearrangement and normal expression of the putative 
RBI gene in retinoblastoma tumors. Mol. Cell. Biol. 8: 2082-2088. 

Squire J, Dunn J, Goddard A, Hoffman T, Musarella M, Willard HF, Becker AJ, Gallie BL and 
Phillips RA. (1986) Cloning of the esterase D gene: A polymorphic gene probe closely linked 
to the retinoblastoma locus on chromosome 13. Proc. Natl. Acad. Sci. USA 83: 6573-6577. 

Squire J, Goddard AD, Canton M, Becker A, Phillips RA and Gallie BL (1986) Tumour 
induction by the retinoblastoma mutation is independent of N-myc expression. Nature 322: 
555-557. 

Goddard AD. Heddle JA, Gallie BL and Phillips RA. (1985) Radiation sensitivity of fibroblasts 
of bilateral retinoblastoma patients as determined, by micronucleus induction /h vitro. Mutation 
Research ^ 52: 3^ -38. 
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Oligonucleotides with Fluorescent Dyes at 
Opposite Ends Provide a Quenched Probe 
System Useful for Detecting PCR Product 
and Nucleic Acid Hybridization 

Kenneth J, LSvak^ Susan J.A. Flood, Jeffrey Marmaro, William Giusti, and Karin Deetz 
Pcrldn-Eilmcr, AjijilivtJ UlpsyMcms Division, Foster Uty, CaUfomio 94404 



Accumulation of specific PCR produca 
hy hjbrtdUallon and clc«va9e of a 
double-laheled fluorog«nlc probe 
during the ampliflcDtlon reaalon, 
Th« prob« U an oIlgonticlMtlde with 
both a raporter fluorescent dye and a 
quencher dye attached. An Increase 
in reporter fluorescence IntencHy In- 
dicatcs that the probe has hybridized 
to the target PCR product and 
been cleaved by the 5'— »-3' nude- 
olytlc activity of Tcf^ DNA polyvn « rase 
In tht* study^ probes with the 
quencher dy« aiiacheci to an Intcmol 
nudeotlde were compared with 
proUei with the quencher dya at- 
tached to the B'-end nucleotide. In all 
catci, the reporter dye waj attached 
to the S' end. Alt Intact probes 
thowed quenching of the reporter 
fluorescence, in general, probes with 
the quencher dye attached to the 3'- 
end nucleotide exhibited a larger sig- 
nal In the 5' nuclease PCR assay than 
the Internaify labeled probes. It Is 
proposed that the larger signal is 
caused by Increased likelihood »f 
cleavage by Taq DNA polymerase 
when the probe It hybridized to a 
template strand during PCR. Probes 
with the quendier dye attaclted lo 
Hte 3'-end nucleotide also cuchlbltcd 
an Increase In reporter fluorescence 
InUtoftlty when hybrldixed lo a com- 
pIcmenLary strand. Hiux oligonucle- 
otides with reporter and quencher 
dyes attached at opposite ends can 
be used as homogeneous hybrldlza- 

6io(2i 



A% homogfOGout a^say for <1cioc11ng 
mt-^afrniUtlun of specific IK'K j>fo?l- 
uct ihat u^es a double-labeled fhioro- 
genie probe was dc-.scribeii by Lee et a|/'* 
The assay exploits the 5' *3' riuele- 
olytlc activity of Taq HNA poly- 
ijiciiiar*^ '^* aiiO h <illai;ranied in l-lguie 1. 
'Hlc fluoiogenic pixjlni voiisiiits of an oll- 
gonucleolldi' wflli u R'purter fluorescent 
dy<% >u^li its M fluore^cclri, attached to 
ilir 5' end; uiid a quencher dye, such as a 
rhodaminc, aitached .internally. When . 
the Muoresceln is excited by Irrofluilori, 
Us nuurescent otnlASlon will be 
quenched it Xhc ilimlaiiiiiie b cUisv. 
enough to be excited through th* pro- 
cess or fluoreAOSmre energy transler 
(l-lcr)/'-'> During PCU. U the probe is hy^ 
bridlzcd lo a Icmplal*; ilioiid, Tc4q DNA 
polymerase will cleave tJic probe be- 
cause of Us inherent Ft' --v 3' micleoiytlc 
aclivUy. If the cltiavagc occud. between 
UlC fluorescein and rhodaminc dyes, it 
cause* an increase in fJuoicswin fluore.v 
cence intonsUy because the fluoresi^cin 
is iiu longer cjue.nchcd. Tlio liKrease in 
fluu^es^.x•ln fluorescence tniensiiy indi* 
calcN thul the. probe-specific I*CR product 
has ljin:ri g(!oerateJ. Thus, PETbetweftn a 
ir|Hjile) dyf and a quencher dye is tTltl- 
cal lo Ihc performance of thr pivbe lu 
Ihe S' liuclMae pen assny. 

Quenching is ctimplHcly dependent 
on. ihe phy.siciil proximity Ihv two 
dyes/'*' Because of thb, ll haA beun aa* 
sunned iWol the qucncJicr dye muat be 
ullaclied neai ihe 5' end. Suri/rislngly, 
we have found lhal attaching a rho- 
Uaiiiine dye al ihc 3' end of u piuln: 



PCRa^stty. lUKhrrmorc, elcjvagc of this 
lype of pn)he is noi required to achieve 
some reduction In quenclllng..01i|4onu- 
clcoildci with a repoiicr dyc On the S' 
find and a quencher dye on tlie 3' end 
exjiibit a much higher reporter flu ores- 
ceiicc when dout>ie-siranded as com- 
pared with single-sirandcd. Tiiis should 
make it possible lo use this type of dou- 
bledabeled probe for nonu)gen<jous dc- 
icctton of nucleic acio tiyhridizarlon. 



MATERIALS AND METHODS 
Oligonucleotides 

Table i shows ihe nucleotide sequence 
of the oligonucleotides ased in this 
SUldy. Linker arm nucleotide (LAN) 
pliosphoramidhc was obtained from 
OJen Research. The standard DNA phos- 
phoramiditcs, 6-carboxyfluorcsceln (6. 
FAM) phosphoraniidite, 6-carboxyiet- 
ranacthylrhodamlnc succiniinldyl esiCf 
CTAMRA NHS Cster), and Phosphalink 
for attaching a ii'-blOCKing phnsphalo^ 
we.re oDialncd trom Hrrkin-Elmer, Ap- 
plied Btosysiems UivlMon. Oligonucle- 
otide synthesis was performed using an 
ABI model 394 DNA synthcslaer lAppiied 
lilosystcmN). Pnmer and complement 
oUgonucleonde^ were purified using 
Oilgu rurincatiuri Cartridges (Applied 
BLosyaleinf^). IJuublc-lulnrli-.d f iriibes were 
;»yinl»r3ir.ed willi <*-PAM*labeled phos- 
^iioidicirdUc iit Ihe 5' v.txt}, IAN rvplucing 
oni; 4>f tlie Ts in the sequence, and I'hos- 
phalink M the 3' cnd. Following de- 
pM)tta:tltJii and rihufiol preclpltbtlon» 
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FIGURE 1 Diagram of 5' nuclease assay. Stepwise representation of itit 5'-*y nucleoiytiv ac- 
tivity of rag DNA polymerast.' aalns on b fluoiuK^nic probe UurliiK oiiv cxtvn>iuTi phasv.- of I'CK. 



mM Na-blcari;#onfitc buffer (pH 9.D) ai 
room temperature. Unrcacicd <iye wni 

iciuoveU by >Mt^»f;e ovci a I'D-IO Scplltt^ 

dcx eolumn. rinally, Ihc doublc-lRbclcd 
probe wtts purillcci by prr.paTMivr hifih- 
pcrfurmanee licjulU * chromotograpKy 
(IJWU:) using an AquapoTe Ck 22i)x4.6- 
mni column with particle sisc. The 
column deveJoped with a 24»miii 
liriittir gradient of Q— 20% ucctottltrllu in 
0,1 M TL\A (trivihylbiTilnc «cctntc). 
I'robe-s are named hy designating the se- 
quence Xcom Tabic 1 and Uic position oX 
the UN-TAMRA molery* Vor example, 
probe A3 -7 ha* sccjucncc Al with I-AN- 
TAMRA at nudcotidc po*siClon 7 from the 
y end. 



PCR Sraicni> 

All VCK amplifkaUons wore pcrfom\ed 
in the Pcrkiii- Elmer CcncAmp PCJi Syv 
Icni 960U using SU-pJ reactions lh«l con- 
tained 10 mw Trl5-HCl (pU 8.3), 50 iiim 
KCl. 200 ^tM dA'n\ 200 jtM dCi'l\ 2W \XM 
dCiT?, 400 p.M dUTP, unit of AinpEr- 
ase uracil N-glycosylase (PccJcin-EImer), 



gene (nuclcotldca 2141-2435 in the mc» 
qucncc of Noko|ljno-Il)lnia ei al.)^'^ was 
auipUIitrd uslii)^ piiuiera AVP tind All? 
(Table I), which are modified ^Ughlly 
from Ihos^ of do Drcull el nl/**? Aclln nm- 
plificDtfon reactions conipinwl 4 mw 
'^^S^-'*;?* 20 ng of human genomic J>NA, 
50 nM Al or A3 probe, and 300 nM each 



pdnicr. The thermal xe^lmen was 50"C: 
(2 min), 9.^ (10 min), -iO cycles of 9.SV. 
(20 ace), 60^C (1 min), and hold o( 72*'C. 
A 51»S-bp xejjnieni waji Hrnpllflcd from b 
plasmid Ihat.consifiiK ol a segment ol X 
L)NA (nucleotide!* 32,^^0-32,747) in- 
serted in the Smai silty of vector pUCl 19. 
iliese rcwcliuiis v;oniuhit:d A.S ium 
Mj;C:i2, 1 of plusmld DNA, SO rxM P2 or 
P.*» probe, 200 nw primer and 200 

iiM pjiinci Rliy. The Oiermal ref^Jmcn 
was 50"C (2 mln), V>5'*C (10 min), 2,s ^y- 
Clcj of y5X (20 3cc), 57%: (1 mln), luui 
hold at 72''C 



l''or c;ich ampllflcaUon roacilon^ » 40-m.J 
aliquot 6i a sample was transferred to an 
Individual well tsf a white, ^fl^woll micro 
titer plate (Perkin-lilmer). Fluorescence 
was measured on tiio Pcrkin-£h«ef 'l-aq- 
Man LS-SOU System, whlcli consist of a 
luiTilnesconce spectromotor wUh pUlc 
reader a3.\ctnbly, a 4B»S-nm excitation fil» 
ler, and a 5slij-nm emisjiion filter. Exciia* 
tiun wax at 488 njn iislnj; a 5-nm slit 
width, tnilsston was measured at S18 

nm for ^1?AW ((he rop<>r*cr Or U' value) 
and .'ifta nm for TAMltA (the quencher or 
Q valiifc) using a lO-nm sUt width. To 

dclcrnilnc the Incicaic iji icpuiici cniis- 
rJiHi that h ui lived by ckavajjc. of the 
probe during P*CK, three normaliTJitionS 
tiic applied lo the raw enUs-MOn data. 
First, emission Intensity of a 1/uffei blank 
is subtracted fur eacli vyavelcngtli. Sec- 
ond, emission inten.^lty of the reporter is 



TABLE 1 


Sequences of Ol^onuclcoitdcs 




Name 




.ScqucTiLr 




prlincr 


ACCt^ACACjCiAACTCArCACCACTC 




prlmvT 


AiTj rcGco-rrccGGcrrcAcxmYTi c;r 




probe 


TCXK:A'rxACrOA'i'cc;'rix;ccAAccACTp 


r2c: 


complement 


C-lACrCCTrCCCAAa;ATGA0TAATOnCWC 


PS 


prot>c 


CUOAlTlGCiOUTATCrAlXIACAACCAlV 


r5c 


eomplciiicni 


nT^TCCTTGTCATACAIACXlAOOi^l CCC 


AKP 


* primer 


TCACCCACACrCTGCCCATCTACQA 


ARP 


primer 


CACiUiCiAAt A XiCTCAl' rCKX'AA TOG 


Al 


prtiUe 


ATGCCCiCCCCCAKJCCAlCCTGCOTp 




cumpleineni 


ACL\i:t;tiAt;t;A'ix;<;cjvTt;tx;c:t:A<;t;(;c:ATAC 


A3 


piObc 


CGCCCrCGAClTCCAOCAACAOAlv 


A3r 


omiplciiicul 


cnATcrciTGCTrcaAAGTCcAnnGcnAC 



Tor each oUKonucicotiilc ustxl In Uiis study, the nucleic add jcquciict' h Klvcii. written in the 
A' » 3' dirvx-tioii- Thtie fire (J>rcr typw of uligonucieotidei; PCR primer, fluorogenic probe used 
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'ST. 

ix. 
til. 

Cy- 



■TO- 

nry 
aq- 
;f a 

ni. 

Iia. 
SUI- 

UP) 

* Or 
10 
US' 

Itii. 
•ec- 

r Is 



A1-J 
' A1»7 
A1-M 

A 1-22 
A1-26 



Al-3 
AU7 
AM4 
A1-10 

A1-S6 



C1B nm 



R^'jcc:f:c.n<x:cccAOcccA'i'CCTaccrtv 



€82 nm 

no tfnp. ■< Ump. 



29.5 tl 2.1 32.7 i l.O 3S.2 A fl.O 

03.0 ifl. 3 - 308.131.31.4 loe-Sff-ft-a 

127.0*4.0 403.5i-tfi.l I<i0.7i5.3 

ie7.&*ty,0 ^39 .7. -t 7.7 TO.Stt?.'^ 

r>24.C J 0,4 48G.I* a 43.6 100.0 ±4,0 

J 0.S 464.1 1 1B.4 ya.i * ii.4 



3B.2i 2.0 O.G7 ;f0.01 0.80 i 0.06 0.10 li CQC 

110.3.-5.:^ 040 ♦ 0.03 3.56*0.17' 3J>o*0.lft 

03.M'6.0 l.tftiO.03 AMtOM HS^O.IS 

73.0 » 7.0 3.67 J 0.06 6.00ii.0.1C 3. >3 10.16 

08X10.8 C.25a0.03 S.D2 X0.11 C.77 I 0.12 

W./ ± a.'^ 1 ./^ ± O.Uid b,01 ± U.Ub ± O.Ott 



flCVJRE 2 RvsuUs ut 5' uudroor n»*«y i imiiMrlii^ ^atrUn |>jrobc3 with TAMRA At dHf^rent nncif 
oUtle positions . As doiscribod in Mater laU anU MettioUs, iTJt >impiS(!caiIonA containing ihc in- 
dicated piob«$wrre peiformed. and the flutjrwtcncL- emission was ni«asur?d M SIS and 582 nm. 
aefWTtffd v(ilut*» arv the avcTagc:t'1 s.Oi for six reactions run withuut added template (no icmp.) 
amt six reacUons run with template ( i tcnip,). HQ ratio v\^s calculated for each individual 
reaction and averaged to gWc llic reported RQ' and HQ* valuRs. 



aiviGrU by the emhsloii liuvnsUy the: 
quencher to give an RQ ratio fur cacb 
reaction tube. This normalizes tor wdl- 
ro-wen varutions in prolio rn n centra - 
uon and nuore&ceiice riicasurcmenr. rt- 
nally, ilRQ is caiClllflied by suhrracUnt; 
tnc KQ value 6/ the no-templdtc txinirol 
[RQ") from the RQ valut! /i>f ill* ctjui- 
plctc Tcacnon including template 

RESULTS 

A sencs of proties witli increasing dis- 
uiices Dcrwecn the fluureaLunii repurici 
anO rliodamtric quencher were Tc:ft^.'d t«» 
investigate the minimum and maxinium 
spacing that would give an ncceprahle 
pcrformflnce in the 5' imclcnse rCJi as* 
iay. Tnese pn^bes nybridlzc to a target 



sequence in the human (i-act^n j-rnr. 
I'lguic 2 shows the rcsuJta of an cxpcri- 
incfjl ill wliich llvcsc probes were In- 
cluded ill PCR ihal ampuned a segment 
of tiic grim LDnlainlng the taigci 

sctjucinjr- lVif(;iinBitce In the S' ou- 
clease I'CR assay is nu>niu>rt:d Ijy Ihc 
mti^;nluiclc of AKQ; which is* a measure 
of the Increaitf in reporter nuorwrjivr 
cttuacd by. PGR amplification oi the 
probe tiirgct, Hnjlje Al-2 haa « ^RQ vttiutf 
that Is close to /.cro, Indlcatlr^g thai the 
probe was not cleaved appreciably tlur- 
Ing the ainphflealKni rctivtioti. ThU iug- 
yjcaU \hi»K wlUl ihc tjucn<;hcr dye on the 
iceuiid nucleotide from the f^* end, there 
Is hiijuffldent luont foi Tut^ polymerase 
to cleave cfflcJeiUly between Ihc reporter 
and ^ucfichei, The other five probes ex- 
hibited comparabJv AKQ values lhal ate 



clc-arly different from r.cxo. Thus, ull five 
pro bo arr bcfof; dcnvrd duriTi(; PCk am-, 
)fllf)uitloi( louItiriK ill a ahnlinr liuirtia.Nr 
In icpurtci' fluoi^ccjujc. It .iliuuld be 

noted Ihnt compicip ciige-Mion of a probe 
produces a mucb larger increase in re- 
porter fluorescence Uian Vhai observed 
In Figure 2 (data not shown). Thus, even 
In ruactiuri^i where anjplificallon oecurx, 
the ma)oriry of probe molecules remain 
unelcavccl. li Is mainly for this reason 
ihftt the fluorescence intensity of the 
quencher dye TAMJIA changci Htilc wllh 
ampllflcallon nf ihc targpj. This is what 

allcnna U5 to use the W32-nm ^K^OTC^ccnr:r. 
reading a,v a norm aU nation factor. 

The TTiHgnihidi* of RQ" drponris 
moinjy on the qucndiinj; efficiency In- 
herfnr in rhe. spt*.dtic .itnicturt ol the 
probe and the purity of the ollgonucle' 
otide. ThuSt the larger UQ~ values Indl* 
cate that probes Al'l4, AJ-19, Al-22, nnd 
Al-26 probably have reduced quenching 
as compared with Al-7. Sllll, the degree 
of qucochlng b sufficient to detect a 
highly significant ln<:re.u»<'. in reporter 
fluorcAcericc when each of these i>rt>hc^ 
ia cleaved during PCU. 

Tf> farther Investigate the ability of 
•J AMRA on the 3' end to quench Ti-FAM 
on the 5' end, three additional pftlr?i of 
probes wcfc tested in the 5' nuclease 
PGR asidy. Foi each pair, one probe has 
TAMHA attached to an internal nude- 
ulldc and Uie othei ha.s TAMRA alLdAihcd 
to the y end nucieotldc. The fcaulls arc 
shown In Table 2. l^or trll three sets, the 
probe with the li' quencher cxhihit.s u 
dRQ vaiuc that is IvnaiUcrably jiiRhci 
tliao foe ihc probe with the InicrnaJ 
quencher. The UQ* vqUics suggc'ii (hni 
differences In quenching arc not a.s grr.ut 
a3.th03C_ observed with sorne of tlie Al 
probes. Tliese results dcnionslrfttc I hot 0 
quencher dye on the 3' end of an oligo- 
nucleotide can quench efficiently the 
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TABLE 2 Results of *>' Nuclease Msiiy Comparing I'robra wlO) TAMRA Attnchinl to an Interml or 3' -terminal Nucleotide 



SIS (un 



.^fl2 nm 



Probe 


no tamp. 


+ temp- 


iin U'uip. 


4 icmp. 


UQ 


RQ' 


AKU. 


A3-5 
A>24 


54.6 i 3.2 
• 72.1 :J- 2.9 


236.5 3. n.l 


116.2 2. e,** 

eW.2 * 4.0 


± 2.5 
90.2 x 3.8 


0,47 2. 0.02 
0.86 ■± 0.02 


0.73 i O.OH 
2.62 ± 0.05 


U.26 ± 0.04 
1.76 i: 0.05 


17.7 
1*2-27 


a2.S 2. 4.4 
113.4 2:6.6 


3B4.0± 34.1 
555.4 ± 14-1 


lUy) X 6.4 
140.7^-8.3 


120.4 3- 10.2 
118.7=: 4.8 


0.79 i 0,02 

asi ± o.Qi 


3,15>.* a]6 
4.68 ± 0.10 


2.40 :< O.K. 
3,88 T 0.10 


l'S-10 
r5-28 


773 ± 6^ 
64.0 ± 5.2 


244.4 2 16.9 
333.6 ± 12.1 


86.7 JL 4.3 
1(K).6 * 6.3 


95.8 -'■6.7 
94.7 r 6.3 


0.89 X O.OS 
0.ft3 ± 0.02 


2.55 0.06 
3.63 ^ 0.12 


1.66 i 0,08 
^89 i 0.13 



fxr^ unrt r9if-iilAiion.<t wtifT oertormcd ua described It> Malerlol o"d MeU\dds find in the legend to KIg. 2. 
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fluf)r*»sr<»nrp of a rppnrter dye on ihe S' 
cjuL T\ni dwsruc of qurnching li iuffi- 
cieaL fur Om (ype of oligonuclcoildc to 
be usp-d as a pr£>bd in the 5.' nuclease PCR 
aiisay. 

To test the hypothesis that quenching 
by 3 TAMRA dependc on the flexibility 
of the oliKonuclootido, fluorescence was 
mcAfcuiod fur prubci; in the slngle- 
sifandcd and Ooubic strandiid states. Tft- 
hl^ :^ ^^porls Die fluorescence observed 
at S18 and 582 iim. The relative. degree 
of quenching Is ;«ssessed by calculating 
the RQ ratio. Vot probes with TAMRA 
MO nucleotides from the S' ejid, llierv 
Is little diffcTcnco in the HQ values when 
comparing slnKle-sifandud with double- 
suaudcd Dligonucleolidea. The resulls 
for probes with TAMRA o( the 3' end ar** 
much different. For these probes, hy- 
bridization to a complementary strand 
causes a dramatic increase in HQ. We 
propose that this loss of quenching is 
caused by the rigid scnicturc of double- 
sUanded ONA, which prevents ibc 5' 
and 3' ends from bcinjj in proximity. 

When TAMRA is placed toward the 3' 
end, there Is a marked Vlg^ ' effect on 
quenchlnR. Figure 3 shows a plot of ob- 
served HQ values for thu Al series of 
probes as a function of Mt^^"* concenua- 
tion. With TAMRA. attached ncnr the 5' 
end (prohe Al-2 or Al-7), the value at 
0 niM Mg^" is only slightly higher than 
RQ at 10 mM M«^*. 1»0T probes Al-19, 
Al-22. and AU26, the RQ values at 0 mM. 
Mg' "* art very hi\*h. Indicating a much 



reduced quenching cfflcleney. For each 
of these probes, Iheie h a iiittTked de- 
crcosc in ai- 1 niM Mg' ' followed by 
u ijrudu«l decline as ihc Mg^ ' v.uuccn- 
truUon increase! to 10 mM. PiuUc Al-14 
shows on intermediate RQ valutf at 0 mM 
Mg'"* Willi grodual decline nigncr 
Mr^'' conccjiiiaiUfiJsi. In a iow-sah cn- 
vin^nmcnt with no M^^ ^ present, a sln- 
glc-Mran<ted oJl|;onudiTf*ikle would he 
expected to odopl du e;iirndtt.i coiifor- 
mat ion because of clcctrusiatlc repul- 
sion. The binding of Mg** Ions acts lo 
s)Ueld the negative diarge oi ilic phos- 
phate backbone so thar the oagonucle.- 
otlde can adopt conformations where 
the V end is close to the 5' end. There- 
fore, the observed Mg^ • cffeas support 
the notion that quenching ol n 5' ru* 
porter dye by TAMRA at or near the 3' 
end depends on the flexibility of die olJ- 
gunucleoride. 

DISCUSSION 

Th<* striking finding of this study is thot 
it yeems tlK- riiodamine dye TAMKA, 
placed at any position in an oUgonuciC- 
otidc, can quench the fluorescent emis- 
sion of a fluorescein (O-PAM) placed at 
the S' end. Tl^ls jmphes thai a single- 
stranded, doubic-labcied . oligonucle- 
otide must be able to adopt conforma- 
tions where the TAMRA is close to rhc 5' 
end. It should be noted that the decay of 
^-PAM in the excited state rct]uire.s a cer- 
tain amount of time. ITiefefore, what 



TABIC J Comparl&on o{ PluorcACctWc- Bini>aiuu5 u( .Sliigle^STrandCCt and 
Dcnjhl«s-»irandcd Fluoiogealc PiobcN 



51H nm 



58?, nm 



RQ 





ai 








u 


as 


Al-V 


27.75 




61.0li 


13H.lfl 


0.45 


0.50 


A1.2fi 


43.31 


S09.3a 


53.50 


93.86 


0.81 


5.43 


A3.6 


16.7S 




39.33 


165.57 


0.43 


0.31^ 


A.V24 


30.05 


578.64 


(i7.77. 


140.25 


0.45 


3.21 


P2-7 


35.02 


70.13 


M.63 


121.09 


0.64 


0.58 


1*2-27 • 




320.47 


66.10 




0,61 


S.25 


I'S-IC. 




144.65 


oi.s>s 


165.54 




U.87 


r<;-2n 


33.65 


4<i2.29 






0.46 





(.<i.^) SJnglc-straiided, *l*h? fUiortfscence emissions at 538 or 582 nm for soluMnns containing a fineil 
tunccniratlon of .50 nvi indicalert probe. 10 mM rris-JICI (pH H,:H)» SO ruMXC. and 1(1 mM MgCl^ 
(ds) Double^strandHd. 'i-he jsoluilons contained, in addition, 100 iim AlC for prnhrs A1.7 and 
A)'26, 100 mi A3C for probes A3-6 and A3-24, 100 nM l*2t: for pmlM's l'2-7 and 177.7, or 100 hm 
rSC for probe:! PS-lO arid P3-aH. Hcforc inc. addUloii of MfS^'*U, J 20 y.1 ofencli idiuiJlc wnri Iteatcti 



inattcra for quenching Is not the uverdgc 
distance between O'IAM and TAMRA 
but, rather, how ciose TAMRA can get lo 
6-FAM during ilie lifenme of lIlC O-FAM 
excited state. As long as the decay time nf 
Die excited state, is relatively long cum- 
pared wuii Uie moletrtilar motions of the 
oligonucleotide, quenching can occut. 
Thus, we propose that lAMRA at the 3' 
end, or any other position, can quench 
6-t^AM at the 5' end because TAMKA Is in 
proximity to fi*KAM often oisough to be 
able to accept energy transfer from an 
excited 6.FAM. 

Details of the fluorescence measure- 
ments remain puzzling. For example. Ta- 
ble 3 shows that hybridization of probes 
A1.26, A3.24, and P5-28 to their complc- 
mentary strands not only cause.s a large 
increase in 6-FAM fluorescence at 518 
am but also causes a modest increase in 
'I'AMRA fluorescent at 582 mn. II 
TAMRA Is being exdttiti by energy trans- 
fer from quenched 6-1'AM, then loss of 
quenching attributable to hybrldi2atJon 
should cjausc a dectea.s« in the fluorcs- 
a?nce emission of TAMRA, the fan that 
thf fluorescence cmi.ssion of TAMRA in- 
cresses indicates tliat the. situation \s 
more complex. Kor example, we have an- 
ecdotal evidence tiiar the bases of The 
oligonucleotide, especially Ci, (luench 
the nuorcstx^nce of both 6-FAM and 
Ti\MRA In some degree. When double- 
stranded, basc-palrlng may reduce the 
ability (jf the bases to quench. The. pri- 
mary factor causing the quenching of 
6-FAM in an intact probe Is the TAWRA 
dye. Kvidence for Uae Importance of 
TAMRA is thai 6 >*AM fluuutNcenco 
rcmaloA jelbilvely unchanf^cd when 
probes label vd unly wich 6-1-AM are uscii 
In tile ^' nuclease 1*CR assay (data noi 
shown). .Secondary effectors of fluores- 
cence, both before and afiei cleavage of 
the probe, need to Kc. explored further. 

Uefjardless of the physical mcciia- 
. nL-^m, the relative Independence of posi- 
tion and quenching greatly simplifies 
Die design of probes for the 5' nuclease 
PCR a.Sf<tty. There are three main facton 
Uiat dclcrmlnr. the pcrfociuanc*c of a 
double- labeled fluonrsccnl probe In Uic 
6' nuclease 1K:r assay. The first factor U 
the degree of quenching olwerved In the 
intaa probe. Tills Is characteri?;ed by the 
vHlue of RQ" , which Is the ratio of re- 
porter to quencher fluorescent cmis 
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f ICURE 3 cif Mg"'' cAiiwtniraiion rtn RQ ratio for the Ai scriei of protKfj. The fluoresceTH-^ 
cmiSJloa IniensUy ai S18 and 582 nm was mcasurwl for sit>lutlt)n» conUining SO nM prolxr, 10 itim 
Trls-HCJ (pH 50 niM KCI. *»i>ci varying anjounli (0-10 mw) of MgO^. 17>v caJoilatnl Uf^ 
ratios (518 nm Intensity divfri^O hy .SR:^ nni iiiti'n.sily) artrpUiUtnl V5. MgCi.-v cojiceniraiion (mM 

Mk). 'rtiK Kry {uyjw li^hl) rtlmw:! lltc )iujtnt% VAtiiuliiLnL 



6yts used, spacing hetweiftn reporter and 
quencher dyc5, nucleotide sequence 
context effccb, presence of atruclutc or 
lAhti faciurs thai irduCe flexlbilily u[ 
Uie ollgonucleoUde, and purity of the 
prohc.The >ccond factor is the cfficicnry 
uf liybiidiz-atian, whidi dependji oi\ 
probe r^„, presence of jecondRry siruc- 
lurc In probe or tcmplAic, annealing 
temperature, and other reaction condi- 
ilons. The ihird factor U the efficiency ot 
wlilch Taq DNA polynierdsc dctivcs the 
bound probe between the reporter and 
quencl^er dyes. This cleavage h depen- 
dent on ftct^iucncc com piemen la rliy be- 
tween probe and template as shown by 
Uie obietv^Uou. that mismatches in the 
segment beiwecn icponcr and quencher 
dyes drasrlcdlly rvduuy the v:lciiva}^v. uf 

The rise in RQ' values for the AI se* 
ncs of probes secins to Indicate that il:c 
degree or quenching i.n rcducco some- 
wbai 05 the quencher is jjiacud toward 
the y end llic lowcsi apparent quench- 
ing Is observed for probe Al-1*) (sco Fig. 
3) rather than for the probe where the 
TAURA Is at .the end (Ai-Zb). This is 
•uitdcrstandable, as the conformation of 
the 3' end position, would be expected to 
be less restricted than the conlormation 
of un internal position. In cffei:r, a 
quencha at thf 3' end is freer to adopt 
conformations close to the S' reporter 
dye than Is an Mntemally placed 
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probes, I lie inteq>retation of HQ values 
is les* clear-cut. The A3 probes show the 
some trend as AI, wUh the 3' TAMRA 
piobc having; d lav^er RQ * than thv hi> 
ternal TAMHA pfobe. Por the 1'2 pali, 
!>c>lh probrs have about the same UQ' 
value. Poi the PS probes, the RQ for the 
3' probe is icss than Tftf the Intcrnaily 
labeled probe. Another factor that may 
explain some oi the observed vanaHon i.% 
thot purity affcct-j the HQ" valutt. Al- 
ihuu^h all prubtrt are HUl.C pudfitrdf d 
small omount of contamination with 
unqucnchcd reporter c.aii have a large ef- 
fect on RQ . . 

Altlu»u^li there may be a modeil e(- 
fcc:! on d<$rcc of quenching, the posi- 
tion of tlic quencher yppare-jitly i^ii 
Vidvc h large effect on the cffidcncy of 
pj'obc cleavagCr The mo.'jt drastic effect ia 
observed with probe Al-2, where place- 
ment of the TAMRA on the second iiu- 
cleoliUc trdui.es the efficiency of cleav- 
age to almost zero. For the A!*, 1*2, and PS 
probes, ARQ Is much grxtiilftr for the 3' 
TAMKA prohwi as compared with the.ln- 
tcrnal TAMKA probes. Tills Is explained 
most easily by assuming tlml piobes 
with TAMRA at the 3' end ore more likely 
to be cleaved between icjx^itej and 
quencher than arc probes with TAMRA 
altache<i internally. 1-or the AI probes, 
the cleavage efficiency of probe Al-7 
must already be quite high, as ARQ does 
not Increase when the quencher is 
nUr*Hl rincoT Tn thi» ."^^ end. This illus- 



trates the import;*nre nf bplng able to 
use probes with a quenchor on llio V 
end in the S' nuclcjisc PCU acsay. In this 
. ossay, an increase In the tntcnKlty of re- 
porter fluorescence is obi;er\'ed only 
when the probe Is cleaved betwci'ii I lie 
reporter and quencher dyes. By placing 
the lupiu'lur uud quLMicliLM dye% un the 
opposite endd o/ an oligonucleotide 
probe, any cleavage that occurs wtli be 
dcieacd. Wlicn ilic quencher Is uitiiched 
to uu Imurnal nucleutldo, uoinetlnics Uiu 
piobe worka well (Al-7) and other lluics 
not SO well (A3-6), nie relatively poor 
performance of probe A3-6 presumably 
means tlio probe U being cleaved 3' to 
the quencher rothor than between tlic 
n»pnripr and quencher. There^fore. the 
best chance of having . a probe that rcli- 
ubly detcds accumulation of PGR prod- 
uct in the S' nuclease rC;K assay is to use 
a pToho wirh The rcporior and quencher 
dyoit un opposite ends. 

Placing the quencher dye on the 3' 
end may alfio provide a slight boncUt [i\ 
terms of hybrull?^4Jtion effinency, IIk 
presence of 0 quencher attached if; an 
Internal nucleotide xni^Iit )>e. Kxpcctcd to 
disrupt basc-jittiring anil reduce tht: T^, 
of a probe, in fact, a I'^V^^^C ritd\«*\ion 
in hns been observed for two piobcs 
with initni'idUy atluclicd 'rAMKAh-'"^ llii^i 
disruptive effect vvould be mini mired by 
placing the quencher at the 3' end. Thus, 
pn>be.fl with 3' qucncheni might exhibit 
.-vHfthtly higher hybridi/^ition efficiencies 
timn piobcs willi intcruiiJ qucnchci:*. 

The combination of increased cleav- 
age and hybridisation efficiencies means 
that prober with 3' quenchers probably 
will be mote tolerant of mismatches be- 
tween probe and target fts comparod 
Willi hUcrnally labeled ptobes. Tills tol- 
erance of miamalchcs can be advanta- 
geous, as when trying to use a single 
probe la detect PCR-ampIificd products 
from h9iii|)lc7^ uf diffcienl species. Also, II 
meana that cleavage of probe durln^t l^CR 
is le^s sen.siHvr tu altenLii()n^ ' in an* 
nealing tcmpcrahire or nther /cacllon 
conditions. The one application where 
tolerance of mismatches may be a disad- 
vantage is for allelic discrin^inotlon. I-ec 
ct al.^^> demonstrated thai allele-spedflc 
probes were clcavcd between reporter 
and quencher only when hybridized to a 
perfectly complementary target. Thi.<: al- 
lnw(*d them lo distinguish the normal 
human cystic fibTOsis allele from the 
^SOS mutant. Their pfobes had TAMRA 
attached to the seventh nucleotide from 
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FIGURE 3 t:ifcct Of Mg® • conctfiiTrotlun on RQ raiio for tnc A3 scries of probes. iVtc nutjrwsctixici! 
emission imcnsity al A 1 R and 5fi2 nm was mcasural for solutions containing SO iim probe, JO mM 
Trivlia (pll 8.3), 5t> tT»M <n, una varying araounls (0 10 mn) of MgCla.- The calculatx^l RQ 
ratios (51 H nm Ituenslty dWidett by SH2 mji intensity) arc plotted vs. MrQj concvnrr<iti(iit (mM 
Mr), The key (upper ri$ht) ihoWS the probes examined. 



dyes used, spat-ing between reporter and 
quencher tlytss, nudeoLldc setjuenctt 
context effects, presenct*. dI structure or 
other factors that reduce flexibility of 
the oligonucleotide, and puriry of the 
probe. The second tactOf IS t!lC Cfflctency 
Of hybridization, which depends on 
probe 7*„,, presence ol secondary struc- 
ture In probe or template, annealing 
temperature, and other reaction condi- 
tions. The third Taaor is the efficiency ar 
which Taq UNA poiyoierase dcavcs the 
bound probe between the reporter and 
quencher dyes. This cleavage is depen- 
dent on sequence complementarity be- 
tween pnil)e and lemplatt* ds shown by 
the observation that mlsmatcho-^ in the 
segment between reporter and quencher 
dyc5 drastically rc^luce the cleavage of 
prohe/^^ 

the rise In RQ values for the Al so 
ries of probes seems to Indicate that the 
degree of quenching Is reduced some, 
what as the quencher is placed toward 
the 3' end. The lowest apparent quench*. 
Ing is observed for probe AM 9 (sec Fig. 
3) rather than for the probe where the 
TAMRA is at the 3' end (Al-26). This is 
•undcntandHhlc. as the conformaTlt)n uf 
the y end position would be expected to 
be la« restricted than the conformation 
of an Internal position. In effect, a 
quencher ar the 3' end is freer to adopt 
conformations close lo the 5' reporter 
dye than Is an internally placed 
quencher. For the other three sets of 

LXO® 



prvLK-s, the niterppelailon of RQ values 
is less clear-cut. The A3 probes show the 
same trend a.s Al, with the 3' TAMRA 
probe having a larger RQ" fhiin tlu: in- 
ternal TAMRA pxubi:. For litu H2 pair, 
bud I piobes have about the same RQ 
value. Tor the probes, the RQ' for the 
3' probe 1$ less tljo(i lc« Uic inteiilMly 
labeled probe. Another factor that may 
explain some of the observed variation Is 
that purity affeas the RQ" value. Al- 
though all probes are HPLC purified, a 
smaD amount of contamination with 
unquenchcd reporter can have a large ef- 
feci on RQ . 

Although there may bc & modest ef- 
fect on degree of quenching, the posi- 
tion of the quencher apparBoUy can 
have a large effca on the efficiency of 
probe cleavage. The most drastic effect is 
observed with probe Al-2, where place- 
ment of the TAMRA on the second nu- 
cleotide reduces the efficiency of clcav- 
age to almost zero. J-or the A3, P2, and PS 
probes, ARQ is much greater for the 3' 
TAMRA prober as compared with the ir^- 
temal TAMRA probes. This is explained 
most easily by assuming that pxobcs 
with TAMRA at the 3' end are more likely 
to bc cleaved between reporter and 
quencher than are probes with TAMKA 
attached Internally. For the Al p'»rol>es, 
the cleavage efficiency of probe Al*7 
must already be quite high, as ARQdoes 
not Increase when the quencher Is 
placed closer to the 3' end. This lllas- 



ttaios the importance of \>o\i\^ zh\\i to 
use probes wUh a quencher on the 3' 
end In the i>' nuclease TUl assoy. Ui ihls 
assay, an Increwc in the intensity of rc: 
porter fluorcscenc* Is 'oh««rved only 
when the probe Is cleaved t>ctwccn the 
reporter and quencher dycj. Uy ]5liK:inH 
the reporter snd quencher dyeji on the 
oppofillo ends of an oUgcinucIcolidc 
priibe, any cleau;iyv dun ou*urv wUl In-, 
detected. When the quencher u attached 
lo iiiLciaal iiuclcodJw, bcriuctlnidc Khc 
prohc wftrlcA well ^Al -7) and <^\htT times 
not wcl) (A3-<1). 11ic relatively pdor 
performance of probe A3-^ presumably 
means the prc^be is beixiK cl craved 3' to 
the q\jcnchcr rothcr thnn between the 
reporter and quencher. 'I httrwlore, the 
be^ chance of having a probe that reli- 
ably detects accuuiulHtion of PCR prod- 
uct in the 5' nuclease KIR assay Is to use 
a probe with the leporier and quencher 
dyes on opposite ends. 

Flaclng the quencher dye on tlie 3' 
end moy also provide a sllghi benefit in 
terms ol hybrldlzaUoh efilclcncy. The 
presence of a qut^icher attached to an 
Inlenial nucleotide inif>hL be expected to 
disrupt base-pairing and reduce the 7,^ 
of a probe. In fact a 2*C-3'C reduction 
ill 7*„, hits l>ecn observed for two probes 
with internally attached TAMRAs/^* 'Vhls 
disruptive effect would bc minlml£cd by 
placing the quencher at the 3' end. Thus, 
probes with 3* quenchers might exhtbU 
Allghtly higher hybridization efficiencies 
than probes with internal quenchers. 

The combination of Inaeased cleav- 
age and hybridization efficiencies means 
that'probes with 3* quenchers probably 
will bc more toleiant of mismatches be- 
tween probe and target as compared 
with internally labeled probes. This tol- 
erance of mismatches am bc advanta- 
geous, as when trying to use a single 
probe to detect PCR-amplified products 
from samples of different species. Also, it 
means that cleavage of probe during VCR 
is less sensitive to alterations in an- 
nealing temperature or other rcacllon 
conditions. The one appliciition where- 
tolerancc of mismatches may be a disad- 
vantage is for allelic discrimination. l.ee 
et al/°* demonsuaicd that allcle-speclfic 
probes were cleaved between reporter 
and qucncjicr only wlien hybridized to a 
pvjfccUy complementary target. This al- 
lowed them TO distinguish the normal 
human cystic fibrosis allele from the 
^FSOS mutant. Their probo-s had TAMKA 
attached to the seventh nucleotide from 
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UiM end an<i wcro <i<«iFlgncd so that Any 
mlsinatcKcs vfcrc hcbvccn the reporter 
aoci tjucnchcr. lncrea»inii^ ^hc distance 
bcftv/ttxin roporter and qiirnchor wovild 

lesstij Uut dlirupUvc effect of inU- 
matchcs and allnw cleavage of the probe 
on the incorroct Urgot. Thup, probes 
wUh a QUOncllor MtOChcd to an internal 
iiucleoHcie may still be ucoful for allelic 
dl5u*rlinioat1on. 

In thU study lose of qiionching upon 
hybridUution was used to show that 
quenching by a 3* TAMIU Im dependent 
un Uic HtxlblJlcy of a sinxle-stranded Oll- 
goiiudtfotld^, The Increase in reporter 
fluoresocficc interisUy, though, could 
alio be uied to determine whether hy- 
bridization has occurred or nor. Thus, 
oligonuclcoUdcs with reporter and 
<]tienchef dyes attached ot opposlir cnd5 
should aho be useful At hybridization 
probes. The abllUy to dclcci hybi-ldizni- 
tlon In real time means that tlK*ac probes 
could be used ro measure hybridization 
Kinetics. Also, this type of probe could be 
used to develop hoinog(aicou!i hybrid- 
ir.otion nwayj for dU gnostics or other ap- 
plications, liagwcll Ct al.'^^^ describe just 
Uil£ type of homogcncaiK assay where 
hybridization of a probe caiiatrs an in- 
iToasQ In fluorescence CQuscd by a loss of 
qucn<^hing. However, they utilized a 
complex probe design Uiat requlitis ijOd- 
in$ nucleotide* to both cndJi af the 
probe scc]u«nci» to form two Imperfect 
hairi)ins. *l*he results presented h«e 
vlciuuii:>irdii.' iliat the simple adOlilon of 
a rcponcr dye tt> one end of an oUgonu- 
clcoiide »od a ijucncher dye lo Uic oUiei 
<»nd gcncracofi a fluorogonic protx: that 
can detect h)*bfldtzatti>n or I'CK ampllfl- 
cHtion. 
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accumuUrion through a duaWahd^l niioroeenlc P''^'^ j T.Ji''^^^^^^^^ PCR mchcxis, rcal-lime PGR 

accuracB .n<l reprodudble ciaaniliation of gene copies. U"' ''^ ^j^^^^J^"'^ conamination and 

does nor r«,uhe poM-PCR sample handling, prcvenUne potenua PGR ^'^^"^ J^^^"^;^ ^^..^ dynamic 
resulria. In much faster -^.^J^^,: eaI^^^;^^^^^^ -^eal-thne auaniiiarivc 



QurintitaUvc nucleic acid sequence ijuaiysis nas 
hnci an inipofUnt role in many Heids of biologi- 
cal rcscnrch. McasuTauciii of gvw cixprcsskin 
(UNA) has bKttU uAcd cxTcnsivciy In n)on»u*)j'ing 
biologicarrcsponses lo varions >iiniuli (Vau c-l Ql. 
1991; Huanft el al. l99Sa.b; Frud'homnic ct al. 
1995), Qvaantiiailvc gent? analysis (TjNA) has 
iH cii useti Ui dv.ici minc the ^wtujijio ^uani-iiy of 3 
particular gene, as in the case ot the human >/£i<2 
gene, wlilch Is amplified in -30% of hrcasftxi- 
mors (Slamon u .al. 1987). Gene and genome 
quantitation (DNA and UNA) also have been \iscd 
fur analysis of human Inununt^dcficicncy virus 
(lUVIbuTdun dcmonstrntinj*. changes in ihc lev- 
els of vlrxLs thTOughoul Ihe different phases of ihe 
disease tfJonnpr al. 1993; Plutak el al, iwish; 
I'urtado. ei al. lyyS). 

Many mclhods havt^ been described for (he 
quantitative analysis ot nucleic ncid sequences 
(hoih for RNA and D'NA; Southern l V/S; SJiarp ei 
al. 1980; Thoinas 19«0), Recently, I'CK ha.^ 
proven to be a powerful tool for quantnative 
nucleic acid anal>'sl.5. PCR and reverse tranflcflp- 
tasc: (K'lVPC^R have permitted Ihe analysis of 
minimal st;trtlng quantities of nucleic acid (as 
liule d.^ one cell equivalent). This has mode pos- 
sible many experimonis that could nol have been 
performed with traditional mt-thods. Although 
PGR has provided a powerful tool, it is imperative 
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lhat il be Ubcvl properly for <^unntiiu\lon (U»«y- 
maekerii 1W5), Many early reports of quanhla- 
tivr K;K and R'l-PCR described cjuantitation of 
the VCR product hui did not measure the initial 
target sequence quantity. It is essential to design 
proper controls for the quantitation of the initial 
target sequences (Hcrrc 1992; Clcmeml el al. 
100?.) 

KeN^^tirchcis have, developed so.voral methods 
of quantitative PC-K and RT-PCR, One approach 
measures 1*CK product quanliiy in the log phase 
of the reaaton before the plateau (Kcilogg et ai. 
1990; ]*ang et a), IWO). This method reqtiires 
thai each saniplc bas equal input aniounls.of 
. nucleic add and that each somiJle under analysis 
ampllfle-s with ideui lc^l cfncicncy up to the point 
of quuuulitllvc analysis. A gene scquenco (eoT\- 
tallied in iill .-samples at relatively constant quan- 
lii'u-A, such a.s p-aclln) ciui be UK«d for .samjile 
-uniplincation «fHcicncy norniaU2atinn. UsinB 
conventional me.thods of PC:U detecrtion and 
quantitatior-i (gel clectxophorcbis or plate capture 
hybridization), it is e;ci remely laborious to a.ssuie 
that all samples are analyzed during the log phase 
of the reat-rlon (for bolh the target gene and the 
. normaiizatinn gene), Another method, quantita- 
tive competitive (QC>'PC:H, has been developed 
and is u.scd widely for PC:R quantitation. CJC-PCR 
rrlics on the inclusion of an internal control 
. compel hor in each rt;action (Bocker-Andrc 1991; 
Hatak cL al. 1993*»,b). llic c^Qcloncy of each re 
action is nomialh«:d to ihr. Inlcrnol compehior. 
A vnnwn ;iiti(uuU o/ InifjniaJ competitor ean be 
anwM 7nc« no/ «hrt WJ « c : t' 7nn 7 / cn /7 T 
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oddod to oach R:\tnpk'. To obtain rel;«livc QXiTini- 
tallon, Ihc unknown tarRct T'CH pr<i<lun is ctnn. 
j)orc<l with the known competitor KIK product, 
>vuct;u55 uf ;i quantliativc compel it ivi» l*C-U assay 
reli^ on developing an Inxcnial cx;iUn.>i lliol am- 
lilir.i-^ Willi ilic snmc (rfflcieiicy as iljc HuH^ti inol- 
cculc. TllC dc5tgn of thi: coiupetlioi iitiU thv vfi)l- 
aaiion of ampllficatioa cfficiciidcb acquire n 
Uedicalcd effort. HowevCi', bccnusc QC^-l^CK dm»s 
not require Uuit K:K pi ikKicIs be aniily^:^^ during 
the ioj; phase of Die. aMtjjlirJcaiion, it is tlu: easier 
uf iht: two methods la Uie. 

Sevenjl detect Uiii syjiicio> me uM^d fui quan 
Ulaiivv l-'CK and iri'-t*c:U ajittlysis: <1) aj^iirtK'Jt; 
i»eU, (2)Xluurtrai.Trul IbbclInK ofPClU pioducis oiid 
dclccilon wnh l4inirr-ind<it:r.d nucjrcAi.*vncc ualll^ 
capillar)' cle.ctrophoTurjia (h«s<.« c-t ai. l^^v^i; Wil- 
Heims cral. 1996) or acrylaiulde yelx, »/hI (3) pUuc 
captvirc. and sandwleh probe hybriOl/.iilii>tt (Mul- 
der el al. 1994). Ahhoujih these uiethod.N jmivrd 
5HC.CC5SfuI. eat:h metliod requires poit-l*CR mu- 
aipvilarlons that .add Tlin« to the analyMS imd 
niny lead to lubofutoty i inilrtirjliidiion. The 
sample Lhroughpul of L))ebe mrtliud.^ \> llmllcd 
(wi|)i llu- i-xccpilon of the plate capture np- 
proiuh)' ll)vn:ft»Ti:. these incthodji not 

well suited fuJ use.-* dviiiundjnj^ b'fil^ snjnpic 
Throughput (Le,, .Hcreenlii^ of l«rj;e numbers of 
blijuiwlc^ulc^ KH annXy'AUi^ At'iniplva fiw didj^ixua- 
tlc* or cHnicnl trials). 

Ilcrc wc r^rjw^rt the: tlcvttlopmont ol* a novel 
ii.vsay for quaniUaiivc DNA anttlysifl. The assay is 
hn.-j^id on t)i*r u:<t: i>r the nucU'tj.H*.- a.s^ay flrit 
described by Holliriid el al. (1991). TJie mvtliod 
M.w 5' nuclcMC rtvriivUy of 't\uf (>i;lymo.rtt.HC to 
dcavc a noncxtcndlblc. hybridlyuuion probe dur- 
lUfi, T)ip cTctciiMOTi pbf»3r of VCU. lliv. njjprurtdt 
U3CS dual-Itibckul fluorogenic hybridli'.ul Jon 
probes (Lcc ct n). 19^)3; Ooaslcr ct id. 19^>:>; l.lvuU 
. ct til, 1^9^10,^. One Huorescwnl <iyv .^crvva as n 
reporter |FAM (i.e., (^Ciirbo5?ynuorv:M*eii^)( find its 
emission spectra is quenched by. the second fluc»- 
rcscrnt dye, T AMR A (1. ft., ri-car»>oxy-ietramcthyl- 
rhodamhic). The nuclease degradation of the liy- 
hrldly.iitU)n probe releases the quencliirjg of Ule 
I'AM fluorescent eiiiissU)u, rebiiltini; in an In- 
tTcuse In peak nuorescenl emission at SJtt nm, 
1'hc use of rt se<^uencc detector (AUI I'rism) allows 
mcasuTcmeni of fluoreMrunr spectra <jl all 96 wells 
uf the mcrntal cycler continuously dunn>» the 
i*C:K ampllflcarlon. *rneref(jre, the reuetioiia ujr. 
uionttored ui rcal liiiic. The ouipui data is de- 
scribed and quajnUatlve unalyab of inpui turret 
UNA sequences 15 disaissed hciow. 



RESULTS 

PGR Product Dercalon in R«al Time 

llK' gold wiis uj develop a l^igh-lhrcuighput, son- 
7;iiivv, und neeuratc j^cne qnimlUatlon assay for 
u5e In moidtorlng lipid mediated thurapOtiTic 
gene dc-livo.ry. A piasinld wncoding human factor 
vni gene sc»<io<?nce, pI-8TM C^cc. Methods). w;is 
uAcd CIS a mcHld ihc:rai>cHUie Kvn<;. 'I'he assay usr<: 
fluore^sc-cni Taqman methodology Hn<l an instru- 
ment uipiiUU: of mcHSuriny fltJoroscence in real 
time (AUI Prism 7700 Sequence Dcicelnr). Hu: 
Taqmiit^ r<:actlon requires a hybrldbiidk^n prolv^ 
lttl>cled witJi two diffcfcni fluorcticcTU dyes. One 
dye Is a feportwr dy« (I'AM), the otKcr U :< quench- 
ing Uye (TAMRA). When tiie pruin: \'s inlacl, fluo- 
lesccnt energy transfer occurs and the reporter 
dye fluorc^c-i:tit emi.vsion h absorbed by the 
quencJilnjs dye (TAMRA'j. During 11 »c extension 
pha.se of the I'CK cycle, th<: Huorcscx-nt hybrid- 
WjiWoM probe U cleaved by the 5'-.'^ nuclcolytic 
activity of tlir DNA polymerase. Ott cleavage of 
the probe, the rrportc.r dye emission is nu lnn)»o.r 
tran.ifcrrcd cfncicnlly to the quenching dye, re 
suJtinK l»» u" hit;rtasc- of the report or dy« I'luorCfc- 
ccnt enii.i--*!"!! iipeclro. VCR primers and jirubcN 
were ^lerii^iiitd fi»< thu Ijuman fnclof Vlli se- 
quence and human p-ae.tin j^env (a.t dtt.itrilittd in 
Methods). Opiiuiiiaation reactions were per- 
formed to choose the appropriate, proin- and 
magnesium eoncenuationi yleldint; ihe hiKhr^i 
lni«n.slty of reporter fluorescent signal -whhout 
saeriflcin^ speeificity. The Insl/umenI u;:cs a 
charKe-coupicd device (i.e., CCD camera) for 
mea3urin)5 the fluorescent einlaslou apeetm fron) 
.'iOO t<i r.50 nnu Kach PC:il tube was monitored 
sequentially fnr 2/*> m.sec wiUi e^Mitlnuous monl- 
torio^c; thr<.>u^hotlt the ttiii|ilifie;\tioii. liacl: lubc 
wa.% rr.-cxandncd every ?>ee. Computer sofl- 
wan*. was dtr.'si^ne.d to examij)^ thr fluorescent |JV 
tensity of both the rejuirter dye (PAW). and 
the quenching dye (TAMIIA). The lluoresccnt 
Intensity o/ the quenching dy«, TAM11A» cijanges 
very 11 1 lie over the course of the ?CJ^ ampllfl- 
cation (data not shown), Thcr«fort^ the hilensity 
of TAMllA dye emissJon servers hm Imernal 
.-standard with which lo normuhy-c the rt-porter 
dyi: (I'AM) cmls.ilon varintJOMs. Tl^t software cul- 
eulnles .) vcilm: iv.rmed t^Kn (or uslng^the 
roilowlng equation: ARn - (lln') (Hn'). where- 
Kn^ . - efnl.ijtion inlcnshy uf reporter/emission in- 
tensity of quencher at any given thtjc In a retie 
rloti tvibe, and Rn t- emission Jniensitity of re- 
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poncT/O.mls.tlOT) inu-nMl^ of qucneUcr mcAMircd 
prior 10 lO i»niplilicatit>n in ihat same reliction 
tube. Tor the pvirposc of qucuituotum, the U-^i 
Ukcc data puinl5 (^^Kns) cotlcacU iltirlng rhc i^x- 
UMiHion srei) for each PC:K cycU- wi^rc anaJy/.t;d. 
The oudeolyiic dcfiracl<^TU)n of iMc nyorUh/-*tion 
nrobc ocxurs during the exicnsioM phafi^of roi* 
and, thtra^forc, rtsporlcr fiuurcscent ciiiisMun hv 
creascs Ouring ll)is time. The iliiw daui pohiw 
were averaged for cacJi k:K cycle and the iiie«ii 
value for each wus plom^d in an "aiuplHlcation 
plot" shown In j^Hure 1 A. Tlie M<1> mean vulue i5 
ploucci on ihe j'^axls, and xiiuc, represented l;y 
cycle number, is ploUcd tm Ihv ^-axis. OurinR tUt 
early cvcU--s ui the PCIl ampl^fltatlon, xhv ARn 



vaiue Tomains at bastf IhK* Wht-n siifficlenl hv- 
bridiAiUon probe h.'iS boon cleaved by Ihc Tii/; 
ixjlymcrusc iUi<:leAfi6 activity, the ialcnsiiy of ro- 
pofU-r nxu^rr.^ccni cinlsiiio!! ljicre«tivb. ^'io'it l>C:ls 
ainpim^^ilonii reach u p.laltfau phoKC of reporter 
fJuurocv.iii emission if the rcaclUwi l.vxnrfie<l nu\ 
lo high cycle iiUinU-is. The amjilifiraUftn plot \'J 
oxaniiiutd uaily iii Ihv feaclion, ut a point lhai 
icjjjcscnlj; liu- Ic^ff phnsie of iircM-Un:* arnmiula^ 
lion. This is done by uiMfining ailMljiuy 
ihreshoki thai i.s based on the varuiliilUy of the 
bast^-linc duu- m i'igurt^ 1 A, llie Ihrrt^hold whs xct 
at 10 stondard duvi<inonK above, the mc:ni 01 
haw line cmis^iK"! calculated from iyd^it 1 lo 1 :^. 
Once the threshold is chosen, the point at which 
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«gure 1 PC.R prodoa detection in real Um.. W The Model 

fro " the extension phase fluorescent emission data va.u^=s are 

Z\on is determined Irom the data poinu^ colicct«d from J^f «^ 10 times ihe 
calculated by determining the point at which ^^^^""SS,?on ol^^^^^ human genomic 

sundnrcJ deviation of the base line). (B) Overlay ot amp^lf calion P'o^ °' ^''"^"y ^^^^^ versus Cj. All 

DMA «m.»l« amplified with ^-ACtin primers. (Q input DNA concentr^Kon of »he samples P^otlzO^^^J^^^^^r^^ 
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ihc amplificiJlion phA crobsca the thrcrthoW is ii^ 
fined as Cp C,. is rcixJttcd Ihc cycle number ii\ 
tills juaiiii. Ar will be domonstruUui, »be CI, value 
In j)n:U;i.Gve of ihc quantity of input Inrgvl. 

Ct Values Provide a Quantlutlve Keasurcmcm oK 
Inpur larger Sequences 

Plgiirc IB Allows ampJification piui» of 3it'<ii>Ti5v. 
cut PGR ftnH'*'l^^»c*'***<^*^^ overlaid. 'H^c OTpltr.cu- 
tions wore porformcHl on a li2 serial dlhitiora 
human genomic IWA. 'Jlic amplified tarRoi wiv*. 
human fJ nctin. The amplifiotion ))loh! KiiiH to 
the right (to higher thrc^<;h old cycles) nn the. injsul 
lAfgoi quflhtiiy is reduced, 'lliiff expected ho- 
oauKU rnurtlortK with fowo.r starting mpim of the 
largci molecule require grc:ucr anipUficaiion to 
degrade enough probe to Htr;iln the rhreshciUl 
fluorescence. An arbitiaiy threshold of 10 stin- 
dard dcvlalion.s above the base line was used to 
detonnnie tliv value:;. Figure IC rqjicsents the 
Cy values plotted versus ihe siunple dihitioti 
value. Each dilution was amplUied in Ulpllcalc 
P<:« amplifications and jjlotted as mean vaUies 
with error ban reprcscniins one standard devia- 
tion. Tlte Cr v«luL-s decrease- liiuMriy with increas- 
ing target quanilty, *rhus, v/iVui:s ran be used 
as a quantittuive meusurcnicnl of the input target 
numht»r. iT should be noted ihyt the amplifica- 
tion plot for the 15.6»ng sample shown In IHgvirc 
IB does not reflect thf same fluorescent rate of 
Increase exhibited by tnost of the oilier samples. 
The 15.6-ng sanipic alstj at lu'ttves e.ndpoint pla- 
teau at a lower fluorescent vaJuc than wouitl be . 
cxyx-ctcd ba.scd on thi» input PNA. J his pjurnont- 
cnon has been (jlTscrvcd occasionally wiili fitlier 
samples (data not shown) and may be attribut. 
able? to late cycle iniiiLKtlojj; this hypothesis is 
still under investigation. It is impnrtani lo uote 
ihat the flattened slope iind early pJatcau do not 
impact signin^rantJy the calculated (^j value us 
dcmonstraretl by the fll on Die line shown in 
Fij^iirr 1 C. Ail triplicate ampllficaiiuns nrsulted in 
very similar Ci- values— the stnndarti deviation 
did not exceed 0.5 for any dlJiUloji. This expcri- 
inent contains a > 1 00,000-fold range of Input tar- 
get molecules. Using Cy values for qunnlUation 
permits a much larger assay range than directly 
using total fluorescein emission intensity for 
quanijtation. The linear range. oi lluoresccnt Sn- 
iciuity mca.s\ire.inetm of ihc ABI I'rbm 770f) Sc- 

annni 
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mtMits over n very hwf^^t: r;nij»i' nf rM;<(ivf» dturtln^i 
lar^l<»t quanmies. 

Sample Preparation Validation 

' Several parameters influence the cfitclenry nf 
PC;r umpUfication; magnesium and sail conceiv 
nations, rcJicUon conditions (i.e., tiTue and le.iu- 
pe.rature), PClt tarRCl size und composition, 
primer sequences, and sample purliy. All of the 
.above laclors are connnon to a sinjc;le VCM assay,. 
exte.pt sample lo sample purity, in an effort to 
vyliOatc Ihe method of sam])le preparation for 

. theiaciorVlil assay, FCR amplilication reprocUic 
ibility and olilciency ol 10 replicate sample 
pve|>;iratiOTiR wt*r« examined. Afte.r geru^mlr DUA 
wa.N j)repared from the 10 ftf.plicaic samples, the 
DNA was quflnlUatcd by ultraviolet spectroscopy. 
Amplificallons were performed analyzing p-aciln 
);une. cohttiot in 100 aiKl 26 )»K of total xenoniic 
DNA. Each I'CR amplification was performed in 
Iriplicate. C:ompiirison of Cy values fur each tri]:. 
licatt; sample show minimal variation basLMi on 
standard deviation and coetTidCJit of variance 
(Tabic l). rhcrefore, each ol the triplicate PCll 
amjjlifications was highly reproducible, tlemon- 
straiing that real time i*CR u.sing this instrinncn- 
tntion introduces minimal v'<iriaii{m Into the 
quantitative )'CK analysis. C^omparlsoTi of the 
mean Cn values of the 10 replicate sample prepa- 

- rations also showed mhiimal variability, indicnt- 
ing that each sample preparation yielded simiiar 
results for f-l-aclln gene quantity. 'J'be liighest Cy 
difference between any of fhe samples was 0.S5 
and 0.71 for the KK) and 25 ng samples, rcspec- 
livt'ly. Additiona/ly. the amplification of eai:h 
sample exhibited an equivalent rale of fluorcs- 
cejit emission inlcnsUy change per amount of 
DNA target analyzed as indicated by similar 
slopes derived from the sample diluiions (1-ig. 2). 
Any sample containing an excess of a i'CK inhibi- 
tor would exhibit a greater measured p-acdn 
value for a given quanUiy of LWA. In addlllon, 
the Inhibitor would be diluted along wiih iht! 
sample in the dilution analy.sis (Hg. 2), aHering 
the expected c:,- value chaj>ge. Each .sairtple am- 
plJficotion yielded a similar result in the analysis, 
dcmonsirniing tiiat this method of .^^iunple prepa- 
ration is highly reproducible, wllh regard to 
sample purity. 

Ouaiuitarive Analvsis of a Plasmid After 

7nc« no/ dhd v\'J flc:frT 7nn7/cn/7T 
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uclblUiy of Swmpio Pi- 


«parAtlon MetKod 











100 ng 






25 ng 


. • .. 


SamplQ 
no. 






standard 








Standard 


CV 






deviation 


cv 


T 


m©An 


deviation 










. ... . 




— 


1 


18.24 








20,46 










18.23 








20.55 






0,1 7 






1«.27 


0.06 


0.32 


20.5 






2 


ia.33 








20.61 










18.35 








20.59 






0.54 




1ft.'14 




0.06 


o.3;> 


P0.41 




nil 

V/. 1 1 


. 3 


1S.3 








20.54 










18.3 








20.6 






0,26 






18.34 


0.07 


0.36 


20.49 




O 06 
v. w 




18.15 








20.48 










18.23 








20.44 






0.26 




TS,32 


18.23 


0.08 


0-46 


20.38 


20.43 


0.05 


5 


18.4 








20.68 










18.38 








20.87 






0.61 




18.46. 


18.42 


0.04 


0.23 


20,63 


20,73 


0.13 


6 


18,54 








21.09 










18.67, 








21.04 






0,15 




■ 19 


18.74 


0.24 


1.26 


21.04 


21.06 


0.03 


7 


18.28 








20.67 










18.36 








20,73 






0.2 




18J2 


18.39 


0.12 


0.66 


20.6S. 


20.68 


0.04 


8 


18.45 








20.98 










18.7 








20.84 






0.57 




18.73 


18.63 


0.16 


0,83 


20.75 


20.86 


0.12 


9 


18.18 








20.46 










18.34 








20,54 






0.32 




18.26 


18.29 


0.1 


0..^.S 


20.4B 


20..? 1 


0.07 


10 


18.42 








20.79 










18.57 








20.78 






0.^6 




1 B.66 


18-SS 


0.12 


0.65 


20.62 


20.73 . 


0,1 


Mean 


<1. TO) 


18.12 


0.17 


0.90 




20.66 


0,19 . 


0,94 



(or containing a pftrll^il cDNA for hum;in fitctor 
vni, j>i'8TW. A scries of tniOyfccUons wu.<» ?»ot 
up usln^ a <lccrca:ting ai«oun\ of ihc plasmid\40, 
A, O.."?, and 0.1 I'WttnJy-rour hours po.si- 

lr?tn,ifcc iinn, total HNA wn> puHftrd from each 

« vttiuc for iiorn^ali/'.ai it'll or ^v.iJoniii*. ONA con- 
cczirraUoji fivui tadi suiupk-. la lIUs cAptriiiJiciil, 
|i-acnn Rcnc conicm should ruinain consiaiiT 
rciailve to rural >;cnumlc- UNA. Hsun- ;-J showri iljc 
result of the p-actln DNA measurement (100 jig 
U'Hal DNA dclcrmined by ultraviolet speitros- 
copy) ot each suiiiiile. K.ach sample was analyzed 
in iriplicat« and the mean ji-acun C:^ values of 
the Iriplicates were plotted (error bars reprcsom 



b»,»tw<;^«n any iwf> sampla moanR was O.fS C,. Ten 
nanograms of lolyl UNA of «ach sample were aUo 
cx.-juiiiienl fur t1-acUn. I'hc rcsxilts o^aJn ^)H>w<:d 
thai very aiiiiilar aniounU <»f genomic 1>NA were 
present; the nicixlnium mean actin Ot value 
difference wa.s 1.0. A3 Tigure 3 ahows, the r;ilc of 
p.actlii C,. diuriK^- l>oLwccn iho 100 and 10-ng 
sajpplc.-* was similar (sJo,>c vnJiic,% rungw butwoon 
3.56 and - 3.45). TVii.'^ vcrii^ca again ihiil iHi; 
iiiclho<l of .sample prcpuroilon yickb i;.w>i3los of 
identical PCR integrity (i.<'-, iio sample conl.iioGd 
an excessive amuunl uf a PCIl InhibilOr). How- 
ever, UK-iC rt:.«;uhs indicate that e«c)l sampltt eon 
talncd sHijhi diffciences in the aciiial amount of 
gL-numlc ONA aualyy.cd. Dcteniiioation of act\ial 
KUiiujiiic V)NA v.onc«iUaiion was nc com pti shed 
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tog (nfl input gonomk; DNA) 
Fi^urts 2 Somple pieparaiion purity. ^ he replicate 
iiamples shown In Tabl<? 1 woro hU:o an^pliHeci In 
iripic-ale citing 25 ng of each DNA iamp'c. The fig- 
uic showi the input DNA conccntrnlion (TOO flf>d 
25 ncj) vs. C, In iHp liQiirp. ihp TOO and 75 ng 
poiiUs lor «ach wnapk are connected by a line, 



V,y jiloUlng the mean (i-yctJn value obtained 

..oiive (shown m JHh. 4C.>. The ocU.nl gcnonUc 
ONA coiicciilr;t<*<"> each suiiipi«. vvas ob 
talnctJ Iry cxtrapolnllon to ihu ^ o^tiii. 

riK\»'"'"* 'l'^ shows Uic incasurg^ (i.ti., iujiV 
nOfmal)7.cU) Hvuuuilic^ of factor VJ)] plnsmid 
ONA (pIWM) (iaa\ each' of tht: four transicnl cell 
tr<i«'>f«cllon5. Eiich rcaciSon contained 300 f>f 
total snmplct DNA (as dctenniucil by UV. spcctros- 
copy}- V-Acl^ s«mpie .w;i.s aIlaly^c•^l in triplurule 
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Figure 3 Analysis uf l" dosfectcd cell DNA q^'onljly 
and purtty. H.c DNA preparations of [U^jo^tJ9^ 
cell transf^clions (40, 4, O.S, and 0.1 ^.g P^STM^ 
were analy7ed for the (5-actln g«rie. 100 and 10 ng 
(delcrmined by ultraviolet spectroscopy) of each 
sample were amplified in "ip""";?- "Jt^ 
amount of pFBTM thai was transfectcd the Mcjn 
Ct values are plotted versus the total input DNA 



•PC.U ii-:oplifieatiof)s. As shown, pl-'8'l'M purifivd 
.fxtiic J\)e 20S cclis clocr«asas (mean C, values in- 
ctvuui'j; with Uccrcasing amovnus nf pU.^niid 
,truit>Uxlca. Thii mean values obttiincd for 
pFbTW inTlgurc 4A were plotted uii ;i sUiFnIjrO 
curve o;»mpri.H*id uf st'itiilly dUutod pKH'l'M, 
shown .in figure Thu quaulUy ul pI'KTM, 
found in co^.h (jf tlic four trnnKfcclionR w;is de 
by extrnpolation to tho x uxk uf t)iO 
sundard curve. In Vi^ure 4H. 'Hutse uncorrected 
values, for pVK'J^M w«re DonnwllyAid to <U:icf- 
Miinc Uie actual amount of pl'S'lV ftmnd per lOf) 
riK <if genomic ONA by u.^^ing the equalion:- 

i> X TOO iiH ucuiul pI-B'l*S4 ctipies per 
KK) ng of genomic: DNA 

wl^ere a ■- actual iiiciioniit: DNA in a .sample and 
/; ^ pl^a'lTvl copies from the ataiKiord curve. '11)0 
nocmyJir-cd ^juanUty of pl'BTM per 100 ng of ge- 
nomic DNA for each of tIic four 1 ninafcciionfl I.^ 
snown Ul Hgure 4Ji. 'Hioe rc^ulU .%ho>v il^cil ilie 
qunntlty of factor VUl plasnUU ii:>:iocliileO wiili 
t^C 293 cttUS, 21 Mr after inui.sfvUitMi, Oei.M:.iS^;s 
wUh Occrccislnj; pJw^mMi) uiiu.«iUiatiou u.se^l lu 
the traii^ifcaion, TIk: quantity of pWJ'M asaoel- 
aioU wun 293 cclUs, dficT truiisfoctloji with 40 M-g 
Of plijsniid, was 35 pg p<f-r 100 s^^nomlc UNA. 
This fcsulrs in -520 plaauiid copies per cell. 



DISCUSSION 

We have described « new metliod for qunnlilni- 
iii?> gene copy numbers using /eal^tlmc imuiyMs 
of PCK amplifications. Real-lime PCH is cnmpat- 
Iblc with cJthcT of the two FCK (KT-PCR) ap- 

pruache^: (1) quonlilaUve con.i>clUivc where An 
Uitexjiul euit.pctitor for each target sequenL^- 
uricna for naxmahi^atJon (dato not shown) or {-). 
quaiiiitauvc comparative PCH u^sIjib » .uiii..wtU^ci- 
cloii gene conUined within the .<iample (i.e., p-no 
tin) ox a "housekeeping" gene, for UT-PCK. If 
equal auxotints of nucleic udd are aiifily/ed for 
eucn saiuplc and if the ampltfltaUun effitie.rK.y 
before qaamlTiitWtt analysis .^ idcnucal for e«<:h 
sample, \t)t tnrernal cunUcl (nujmali^-Aibon Kcne 
or compeiu(jr) Miouid Rlvc equal ^iK^i^l* 
samples. 

The rcal-lime PCU mclhbd (Jlfers several ad- 
vtinUiRc.^ over the other two mclhods currcnlly 
employed (:ioe ihc introduclion). I-irsl, the reaU 
tin^e PCR jnetyiod is pertonncd in a doscd-ttioe 
system and requires no p^sl-PC:!^ mnruptilallon 
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FIgiirff 4 Qii^intltiitivo i^nnlyKi* of pFSTM in tra(i£(cctx:ci cclb. (A) Arnounl oi 
plasmtd DNA uicd for tht; trunsfecilon plotted agoitisi Uic invun C, value deter- 
minad for pffiTM remaining hr ailcr ircnstoction. (fl>C) Standard ojrvrs o( 
pf^J^TM ;ind fi-actJii, respccllvcfy. prQTM DNA and genomic. ONA (Q were 
dilutftd iCArtdtly 1 ;5 before, ^amplification with the appropnnlc primeri. 7*hc fi-aclin 
standard curvQ whv usod lo nnrri>ali>c Ihc results of /I to 1 00 M<j of genomic DNA, 
(0) Tho amouiSl of pPSTM prc5cni pur 100 of jijcncmk DNA. 



of vTinpKv Therefore, Ih** txMvntiH] for PCIK ctm- 
tnnilnoUcMi in ihc lalx>r;i<ory is reduced because 
nmpliftcd products can In* yi jalyy.od aJid disposed 
of witlioiit opening Uw ro;»c.tion tubes. Sec\.n:di 
Ihii mcihc^d svippoxi^ llic um'. KiC h iiuriiiiiliy.<ilJon 
Xenc (i-c, P-actin) /or quant i^a live. PGR or house- 
keeping gene.i for q^j^antitiitWc Rl-l'CU controls. 
Analysis is pcrf^jrnicd ijj real time durii^g ihc Jog 
pliasc of product accumulation. Analysis clvirin(> 
luK phu^e pcrmil.^i niar^y different ^eiiea (over « 
wide input inrftrt range) lo be analy/cd .ilmuUa- 
iii:ou5ly, wUhout concern of rcachijxji xcnciion 
pluicnu ill different cycles, Tliis will luulic niulU- 
jL;c:n^i: atialysls a^iaya much ca."^ici Iv/ develop, be- 
cnviac individual intcrncil uiiMpc(Uui> will nwl be 
needed for coch gene under anolyoK*!. Third, 
^dtnplc throughput will uiuica>c Oi tiMHilicdJly 
with the new meti-kod because there h no i>oM- 
rCU prnccriMng lime. Additionally, winking In a 
!}6-wen format is highly cuinpatihle with auto- 
million technolo^. 

The real-time 1>GR n*c())C/d is highly reprr*- 
dutible. Rcpllcaie. amplUlcbtions can be aiiHlyv:i.Mj 



ff>r c^acii sjiniple miniml;dn(; j>otcntlul erwir. TIu:. 
sysittin ;iUows I'or a very large iiisay dy nit jnlc 
rungo (iipproae.hing l,000;0<K)-r<ild Mnrting lai- 
gel). IJtihi^ u .standard curve for th« tarj;et ol in- 
terest, relHtivc cof)y number vuluc.^ can be dclcr- 
niincd for any uukaiuwii ^a^l;pk^ hJu«r«5ceni 
thrrshold vnJucik, C,v ccincJair lineurly witti rela- 
tive UNA copy numbers. Heal time qtianiUaiivt: 
in- PC;it methodology (GIUnoji et al., Uii.'! i.wut-) 
h^i.i ahohce.n developed. Pinally, real time qv*iin- 
titotivc rCU mctliodology can be used develop 
hi5h-thTouj;hput jcreenLng na.iay.i f^r n variety of 
applications fquoiitJlntlvc gene CAf/i v^>aioii CK'I- 
rOn), Rcnc copy Mrtay.i (llcr^, IHV; cic.)* .gcniv 
typln}^ (V;?u>ek<uil mou5c analysis), and Immunu- 
PCUJ. 

Rrjil-tinjc VCM iTiiy al.w Ik: j^rformrd using 
intercolniiits dyes (HIguchi cl ul. IW/l) such us 
cfJiiditim bromide. The fluorogenic probe, 
method offers a maior advantage over inicr- 
ralating dyes- grcatei specificity (i.e., primer 
dtmvrs and nonspeftinc PCR product.-i are. not de.- 
lerted). 
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MfcTHOlPS 

Generation of a Pbsmld Cunulnlns a Partial 
cDNA for human Factor Ylll 

'WV,\ KNA v.*.. hurvr.Mcd.(UNAKn» U (rc>m Mo) Test, Inc 
l-DP^ClAWOOd, TX> fmm ccJl> i.-.«fc<tea wUU a (neHur Vlll 

nin ct al. IVtX)). A Uclor Vill ,>artlal ci^NA ^^l'''^'^; 
, ica l>y in- VCM KU...oAnip i'^ HMh I^^A j X 

(pan N»oR-tnyy,niAiM»tu-ti hiosyucms vvmci ^.(y, 

arc ahown bdow). n.i. ampllcon wa. ^^^^^^^ 
nuKtificO I'flfor and I=«rcv primers 

Clonal Into iKir.M- 32 (rrtMn.^u Corp.. MUilL.ou, Wt). h. 
fcsulllnr, clone, i^HSTM, was avil l«r irhiiMen* transfealon 
of :i93 celiA. 

Amplificailon of Target DNA ami Dcltcilon of 
Amplicon Factor VIII PUsmid DNA 

crrciCCAACiAUj'UAixiicnw.v anct i=ttr;-v y,AAAc;crr- 

i;ACC;crrOCiATCi(jTAt';r..3',aiic rvnciUui (UuOiitrU ti '^2%- 
up k:k prociuci. 'J*nc forwurtl priHicr whs tlv^lxiivii lu (^.-u- 
(?i;ni7.e u imlg^'v m'M"**"^** ftmiid In ilic unifanili\^«l 
rtfjiiuirof Hiu pwicitl tKJUi2.lK25|) pldMiiM lhi:icforc 
Uwj liol icwiH"!'-^: ^»"*^ amplify llw liumoii f<*cuir VllI 
^vuv, pfiinoffi wofo choKOU wiUi Uw av»ivl;^in*f r»r llu' t-om- 
iniicr prosruiu Olist' tN»tii«»ul Uiuscicoccs, linv Ply- 
mouth, MN). The Iniman p-actln ^t^no was AmplUlcd^wUh 
the vrliin:o ri-tu tii* ftn-wnfU primer 5' TCACC^.1A<1A< nCT 
Gr.CCATCTrA<^:c;A.3' ana {i-actuj icvcrtO piimcr :A(;. 
C00AACCC:rr<:A*n(;c:c.AAJGG-3'. The reaction pro- 
ciucoci a iy5 rip rf.u prcKiuti. . 

AmpUflcailon rc.iciions (SO pJ) coinnincO a DNA 
sample. lOx \KM WuiU-s II (S ^,1), 200 jiM tlAlV, cJCDT, 
clGTI\ and 'iOO »tM riirn\ 4 mM.MK<:i7» 1.:^-S Unlis Ampll 
7W<; r;NA poiymcmc, as unit Ajupwnsc orncli W-fiiy* 
wwylu.w <UNO), so pmolc of cftch focloi VIM |irliiWi, unci 15 
fjiiioh* *»f viufc;h p Jicttrt pUitit^r, 'I1lo tc^^'\Um\K ttt«» t:»nUUiCcJ 
one of llic foMowlnj; ddcctinn pnihr.* (KM) nM rn<|i)i 

OCCTTCrAMRA)p 3' auJ (i-nttin proU- 5' (TAM)ATC!f;-i:c:- 
XCrAMKA)C:CCCr:ATt:;r.CA*rr.p.,T wlirrc p indicates 
pho.nphnrylAiinn nrtd X indifotcs a UnUcr arm nucleotide. 
RencUon lu^K^^ wtrx- Mu:n>A(t\p Opiioal 'rul>cs (part l\um- 
\tvr NKOl Ucridn lUnwl) tlwl wvfv froeiwl Ul ^^'T\iU\ 

FJmcr) tu imvo.t iJshl from /cnccllap. 'KiUc copi were 
slmiKir irt MicroAaip c;nj>3 bui specially dc.iiAncd lo pre- 
vein ll^lit scaltvrH.B. AU <.l I'<;U .^*i../(uMU»hU* wcro svi>w 
,,llv:a hy PK Applied U306y»tcni9 (l^»alor fltty, CM except 
ihr facnor VIU priiutrra. wliifh wru- .%ytnl\esl/rtl ul Cvnvu 
iccU, Inc. (Stnilb T-cn rrunclsco, CA). Proln-y w.-r*- dcsJynwl 
using the Oliyr.. 4.0 iioflware, folk^wliiK S"'*l^'""*-'^ ''"Kj 

jiCMwi in inc Model 7700 .sequence Pet^vtvir iH;V"»'<eul 

inuu rn** annndUix ltiiipv,-(..fc u.-»cd durlMj; U.rmiul cy- 
rintgi primers sh»\dd nut fuim M-ldv di.plcx»- wHli lln- 

' *^^"^nic lUen.i^iI fy^-""S cundiUo.vs IncludvU ^ inin al 
and 10 n.in al 9S-C. riic^iual cTcling procrrdi d with 



reaction*; were j^rfonned in (ho Mndpl 77(in,ScqucntT 
Itn^c.f O'U AppUed UluiiyKUniiv), u'htfb cumxUu ;* Cc^' - 

RmninicU on .i I'ww« Macint-Mh 7100 (Apple C>.«1M»"*^^ 
Soma Clara, C*J\) linkcO djaniy to the Model WOO .Sr- 
quenw UilffClor. Anuly^U of data w»v alict. p^K/^rmi-d nn 
the M...lnlf*«h compvitcr. C^oUortlon .ind «n;<lytU i:oftw:irc 
w»ii dovelnpod Jit I'V. AplJIU^i niosy^luins. 

Trainfection of Cells with Factor VIII Convlrucl 

VnuT T17.S naiks of 29:^ ee!U (ATCUt C:K1. 157:M. ^ ^^"»tun 
fctQl Ulclncy sntipeniiicjn cell Une, wvrc h"!**" fif>*5<'. ct>"- 
(U.eney and ipanUceted plKl'M. Cells were k^"^" I'> ^l'^* 
Njllnvgltig incdifi! S0% HAM^ yi2 wilhoiil CJMT, 50'«, 
cjucoic nvilhetx'n'a inndlficci I*:aKle modinm (DMKM) wUIi. 
otn Rlynnti wiUi sodium bicarbnnato, 10% Ictal Uwine 
stTuin, 2 iMM v..Ki«l-"^»'^' ^'^'^ peakilliii-strcptomy- 

Un, The media yy« cJiar^s'cd 30 mln M.- ll,Mran=fcc 
lion. pl-UTM DNA amounis oi AO, 4, OA, and 0.1 ^*f; wvrc 
ijaited tu ^•S ml of a suluthMi wnulnlnR O.iw m CiatJ^.- 
and \ X mU'W. mic four mxxiunrs wc:rc lefl al rt>om tnu. 
,^.n,tun. fo. 10 mill and U^cu iid<Ud Hr..pwL..c. W> U^c ccllif. 
•ilie n«*k* ;r.t;ul^lca at 37'»C:aP.i 5% < :0, f(ir 24 hr. 
washed with rUS. i-na r.^.v..pcndcd In mu:. The >eKnM 
,A-.uKtd cclU were divided inlv bliquois and UNA wfti ex- 
n>u:ted Imnicdiuldy usinK Ihv QIAumip l^U^ni Ki( (Ciiapen. 
CU3«t.'>m>rtl^ <.V\). HNA vyps eJuled Into 200. ul 30 n.u 
. Taj-llCl ul pll tt.O. 
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ABSTRACT Wnl family members are critical to many 
developmental processes, and components of the Wnt signal- 
ing pathway have been linked to tumorigenesis in familial and 
sporadic colon carcinomas. Here we report the identification 
of two genes, WlSP-l and mSP-2, that are up-regulated in the 
mouse mammary epithelial cell line C57MG transformed by 
Wnt-l, but not by Wnt-4. Together with a third related gene, 
WISP'S, these proteins define a subfamily of the connective 
tissue growth factor family. Two distinct systems demon- 
strated WISP induction to be associated with the expression of 
Wnt-1. These included (i) C57MG cells infected with a Wnt-1 
retroviral vector or expressing Wnt-1 under the control of a 
tetracyline repressible promoter, and (h) Wnt-1 transgenic 
mice. The WlSP-I gene was localized to human chromosome 
8q24.1-8q24J. WISP-l genomic DNA was amplified in colon 
cancer cell lines and in human colon tumors and its RNA 
overexpressed (2- to >30-fold) in 84% of the tumors examined 
compared with patient-matched normal mucosa. WISP-J 
mapped to chromosome 6q22-6q23 and also was overex- 
pressed (4- to >40-fold) in 63% of the colon tumors analyzed. 
In contrast, WISP-2 mapped to human chromosome 20ql2- 
20ql3 and its DNA was amplified, but RNA expression was 
reduced (2- to >30-fold) in 79% of the tumors. These results 
suggest that the WISP genes may be downstream of Wnt-1 
signaling and that aberrant levels of WISP expression in colon 
cancer may pjay a role in colon tumorigenesis. 



Wnt-1 is a member of an expanding family of cysteine-rich, 
glycosylated signaling proteins that mediate diverse deveiop- 
mentaJ processes such as the control of cell proliferation, 
adhesion, ceil polarity, and the establishment of cell fates (1, 
2). Wnt-1 originally was identified as an oncogene activated by 
the insertion of mouse mammary tumor virus in virus-induced 
mammary adenocarcinomas (3, 4). Although Wnt-1 is not 
expressed in the normal mammary gland, expression of ^ynt-l . 
in transgenic mice causes mammary tumors (5). 

In mammalian cells, Wnt family members initiate signaling 
by binding to the seven-transmembrane spanning Frizzled 
. receptors and recruiting the cytoplasmic protein Dishevelled 
(Dsh) to the cell membrane (1, 2, 6). Dsh then inhibits the 
kinase activity of the normally constitutively active glycogen 
synthase kinase-3/3 (GSK-3P) resulting in an increase in 
0-caienin levels. Stabilized )3-catenin interacts with the tran- 
scription factor TCF/Lefl. forming a complex that appears in 
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the nucleus and- binds TCF/Lefl target DNA elements to 
activate transcription (7, 8). Other experiments suggest that 
the adenomatous polyposis coli (APC) tumor suppressor gene 
also plays an important role in Wnt signaling by regulating 
p-catenin levels (9). AFC is phosphorylated by GSKO/S, binds 
to )3-caienin, and facilitates its degradation. Mutations in 
either APC or p-catenin have been associated with colon 
carcinomas and melanomas, suggesting these mutations con- 
tribute to the development of these types of cancer, implicating 
the Wnt pathway in tumorigenesis (1). 

Although much has been learned about the Wnt signaling 
pathway over the past several years, only a few of the tran- 
scriptionally activated downstream components activated by 
Wnt have been characterized. Those that have been described 
cannot account for all of the diverse functions attributed to 
Wnt signaling. Among the candidate Wnt target genes are 
those encoding the nodal-related 3 gene, Xnr3, a member of 
the transforming growth factor (TGF)-p super family, and the 
homeobox genes, engrailed, goosecoid, twin (JCtwn), and siamois 
(2). A recent report also identifies c-myc as a target gene of the 
Wnt signaling pathway (10). 

To identify additional downstream genes in the Wnt signal- 
ing pathway that are- relevant to the transformed cell pheno- 
type, we used a PCR-based cDNA subtraction strategy, sup- 
pression subtractive hybridization (SSH) (11), using RNA 
isolated from C57MG mouse rnammary epithelial cells and 
C57MG cells stably transformed by a Wnt-1 retrovirus. Over- 
expression of Wnt-1 in this cell line is sufficient to induce a 
partially transformed phenotype, characterized by elongated 
and refractile cells that lose contact inhibition and form a 
multilayered array (12, 13). We reasoned that genes differen- 
tially expressed between these two cell lines might contribute 
to the transformed phenotype. 

In this paper, we describe the cloning and characterization 
of two genes up-regulated in Wnt-1 transformed cells, WISP-1 
and WISP'2, and a third related gene, WfSP-3. The WISP genes 
are members of the CCN family of growth factors, which 
•includes connective tissue growth factor (CTGF), Cyr61, and 
nov, a family not previously linked to Wnt signaling. 

MATERIALS AND METHODS 

SSH. SSH was performed by using the PCR-Select cDNA 
Subtraction Kit (CLONTECH). Tester double-stranded 

Abbreviations: TGF, transforming growth factor; CTGF, connective 
tissue growth factor; SSH, suppression subtractive hybridization; 
VWC, von Willebrand factor type C module. 
Data deposition: The sequences reported in this paper have been 
deposited in the Genbank database (accession nos. AF100777, 
AF100778, AF100779, AF10O780, and AF100781). 
tTo whom reprint requests should be addressed, e-mail: diahc@gcne. 
com. 
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cDNA was synthesized from 2 ^ig of poly(A)" RNA isolated 
from the C57MG/Wnt-1 cell line and driver cDNA from 2 
of poiy(A)* RNA from the parent C57MG cells. The sub- 
tracted cDNA library was subcloned into a pGEM-T vector for 
further analysis. 

cDNA Library Screening. Clones encoding full-length 
mouse WISP-I were isolated by screening a AgilO mouse 
embryo cDNA library (CLONTECH) with a 70-bp probe from 
the original partial clone 568 sequence corresponding to amino 
acids 128-169. Clones encoding full-length human WISP-I 
were isolated by screening AgilO lung and feiaJ kidney cDNA 
libraries with the same probe at low stringency. Clones en- 
. coding full-length mouse and human WlSP-2 were isolated by 
screening a C57MG/Wni-1 or human fetal lung cDNA library 
with a probe -corresponding to nucleotides 1463-1512. Full- 
length cDNAs encoding WISP-3 were cloned from human 
bone marrow and fetal kidney libraries. 

Expression of Human WISP RNA. PGR amplification of 
first-strand cDN A was performed with human Multiple Tissue 
cDNA panels (CLONTECH) and 300 ptM of each dNTP at 
94X for 1 sec, 62"'C for 30 sec, 72°C for 1 min, for 22-32 cycles. 
WISP and glyceraldehyde-3-phosphate dehydrogenase primer 
sequences are available on request. 

In Situ Hybridization. ^^P-labeled sense and antisense ribo- 
probes were transcribed from an 897-bp PGR product corre- 
sponding to nucleotides 601-1440 of mouse WISP-I or a 
294-bp PGR product corresponding to nucleotides 82-375 of 
mouse WlSP-2. All tissues were processed as described (40). 

Radiation Hybrid Mapping. Genomic DNA from each 
hybrid in the Stanford G3 and Genebridge4 Radiation Hybrid 
Panels (Research Genetics, Huntsville, AL) and human and 
hamster control DNAs were PCR-amplified, and the results 
were submitted to the Stanford or Massachusetts Institute of 
Technology web servers. 

Cell Lines, Tumors, and Mucosa Specimens. Tissue speci- 
mens were obtained from the Department of Pathology (Uni- 
versity of Pittsburgh) for patients undergoing colon resection 
.and from the University of Leeds, United Kingdom. Genomic 
DNA was isolated (Qiagen) from the. pooled blood of 10 
normal human donors, surgical specimens, and the following 
ATCC human cell lines: SW480, COLO 320DM, HT-29, 
WiDr, and SW403 (colon adenocarcinomas), SW620 (lymph 
node metastasis, colon adenocarcinoma), HCT 116 (colon 
carcinoma), SK-CO-1 (colon adenocarcinoma,' ascites), and 
HM7 (a variant of ATCC colon adenocarcinoma cell line LS 
.174T). DNA concentration was determined by using Hoechst 
dye 33258 intercalation f luorimetry. Total RNA was prepared 
by homogenization in 7 M GuSCN followed by centrifugation 
over CsCl cushions or prepared by using RNAzol. 

Gene Amplification and RNA Expression Analysis. Relative 
gene amplification and RNA expression otWISPs andc-myc in 
the cell lines, colorectal tumors, and normal mucosa were 
determined by quantitative PGR. Gene-specific primers and 
' fluorogenic probes (sequences available on request) were 
designed and used to amplify and quantitate the genes. The 
relative gene copy number was derived by using the formula 
oi-ict) where ^ICt represents the difference in amplification 
cycles required to detect the WISP genes in peripheral blood 
lymphocyte DNA compared with colon tumor DNA or colon 
tumor RNA compared with normal mucosal RNA. The 
a-method was used for calculation of the SE of the gene copy 
. number or RNA expression level. The W^/S/'-specific signal was 
normalized to that of the glyceraldehyde-3-phpsphate dehy- 
drogenase housekeeping gene. All TaqMan assay reagents 
were obtained from Perkin-Elmer Applied Biosysiems. 

RESULTS 

Isolation of WISP-l and mSP-2 by SSH. To identify Wnt- 
1-inducible genes, we used the technique of SSH using the 



mouse mammary epithelial cell line C57MG and C57MG cells 
that stably express Wnt-1 (11). Candidate differentially ex- 
pressed cDNAs (1,384 total) were sequenced. Thirty-nine 
percent of the sequences matched known genes or homo- 
logues, 32% matched expressed sequence tags, and 29% had 
no match. To confirm that the transcript was differentially 
expressed, semiquantitative reverse transcription-PCR and 
Northern analysis were performed by using mRNA from the 
C57MG and C57MG/Wnt-1 ceils. 

Two of the cDNAs, WISP-I and WISP'2. were differentially 
expressed, being induced in the C57MG/Wnt-1 cell line, but 
not in the parent C57MG cells or C57MG cells overexpressing 
Wnt-4 (Fig. \A and B). Wnt-4, unlike Wnt-h, does not induce 
the morphological transformation of C57MG cells and has no 
effect on p-catenin levels (13, 14). Expression of WISP-l was 
up-regulated approximately 3-fold in the C57MG/Wnt-1 cell 
line and WISP'2 by approximately 5-fold by both Northern 
analysis and reverse transcription-PCR. 

An independent, , but similar, system was used to examine 
WISP expression after Wnt-1 induction. C57MG cells express- 
ing the Wnt-I gene under the control of a tetracycline- 
repressible promoter produce low amounts of Wnt-1 in the 
repressed state but show a strong induction of Wnt-1 mRNA 
and protein within 24 hr after tetracycline removal (8). The 
levels of Wnt-1 and WISP RNA isolated from these cells at 
various times after tetracycline removal were assessed by 
quantitative PGR*. Strong induction of Wnl-1 mRNA was seen 
as early as 10.hr after tetracycline removal. Induction of WISP 
mRNA (2- to 6-fold) was seen at 48 and 72 hr (data not shown). 
These data support our previous observations that show that 
WISP induction is correlated with Wnt-1 expression. Because 
the induction is slow, occurring after approximately 48 hr, the 
induction of WISP^ may . be an indirect response to Wnt-1 
signaling. 

cDNA clones of human WISP-l were isolated and the 
sequence compared with mouse WISP- 1. The cDNA sequences 
of mouse and human WISP-l were 1,766 and 2,830 bp in length, 
respectively, and encode proteins of 367 aa, .with predicted 
relative molecular masses of «• 40,000 (Mr 40 K). Both have 
hydrophobic N-terminal signal sequences, 38 conserved cys- 
teine residues, and four potential N-linked glycosylation sites 
and are 84% identical (Fig. 2A). 

Full-length cDNA clones of mouse and human WISP-2 were 
1,734 and 1,293 bp in length, respectively, and encode proteins 
of 251 and 250 aa, respectively, with predicted relative molec- 
ular masses of «» 27,000 (Mr 27 K.) (Fig. 2^). Mouse and human 
WISP-2 are 73% identical. Human WISP-2 has no potential 
N-linked glycosylation sites, and . mouse WISP-2 has one at 
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Fig. I. WISP-l and WISP-2 are induced by Wnt-l, but not Wnt-4, 
expression in C57MG cells. Northern analysis of WISP-l (A) and 
^75^-2 (fl) expression in C57MG, C57MG/Wnt.l, and C57MG/ 
Wnt-4 cells. Poly(A)* RNA (2 pig) was subjected to Northern bloi 
analysis and hybridized with a 70-bp mouse W75P-i- specific probe 
(amino acids 278-300) or a l90-bp W^5P- 2- specific probe (nucleotides 
1438-1627) in the 3' untranslated region. Blots were rehybridized with 
human 0-actin probe. 
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Fig. 2. Encoded amino acid sequence alignment of mouse and 
human WISP- 1 {A) and mouse and human WISP-2 (B). The potential 
signal sequence, insulin-like growth factor-binding protein (IGF-BP), 
VWC, thrombospondin (TSP), and C-terminal (CT) domains are 
underlined. 

position 197. WISP-2 has 28 cysteine residues that are con- 
served among the 38 cysteines found in WISP-L 

Identification of WISP'3. To search for related proteins, we 
screened expressed sequence tag (EST) databases with the 
. WlSP-1 protein sequence and identified several ESTs as 
potentially related sequences. We identified a homologous 
protein that we have called WlSP-3. A full-length human 
WlSP-3 cDN A of 1,371 bp was isolated corresponding to those 
ESTs that encode a 354-aa protein with a predicted molecular 
mass of 39,293. WISP-3 has two potential N-linked.glycosyl- 
ation sites and 36 cysteine residues. An alignment of the three 
human WISP proteins shows that WISP-1 and WISP-3 are the 
most similar (42% identity), whereas WISP-2 has 37% identity 
with WISP-1 and 32% identity with WISP-3 (Fig. 3A). 

mSPs Are Homologous to the CTGF Family of Proteins. 
Human WISP-1, WISP-2, and WISP-J are novel sequences; 
however, mouse WISP-1 is the same as the recently identified 
Elml gene. £/m7 is expressed in low, but not high, metastatic 
mouse melanoma cells, and suppresses the in vivo growth and 
metastatic potential of K-1735 mouse melanoma cells (15). 
Human and mouse WISP-2 are homologous to the recently 
described rat gene, rCop-I (16). Significant homology (36- 
44%) was seen to the CCN family of growth factors. This family 
includes three members, CTGF, Cyr61, and the protoonco- 
gene nov, CTGF is a chemotactic and mitogenic factor for 
fibroblasts that is implicated in wound healing and fibrotic 
disorders and is induced by TGF-3 (17). Cyr61 is an extracel- 
lular matrix signaling molecule that promotes cell adhesion, 
proliferation, migration, angiogenesis, and tumor growth (18, 
19). nov (nephroblastoma overexpressed) is an immediate 
early gene associated with quiescence and found altered in 
Wilms tumors (20). The proteins of the CCN family share 
functional, but not sequence, similarity -to Wnt-1. All are 
secreted, cysteine-rich heparin binding glycoproteins that as- 
sociate with the cell surface and extracellular matrix. 

WISP proteins exhibit the modular architecture of the CCN 
family, characterized by four conserved cysteine-rich domains 
(Fig. 35) (21). The N-terminal domain, which includes the first 
12 cysteine residues, contains a consensus sequence (GCGC- 
CXXC) conserved in most insulin-like growth factor (IGF)- 
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FtG. 3. (A) Encoded amino acid sequence alignment of human 
WlSPs. The cysteine residues of WlSP-1 and WlSP-2 that are not 
present in WISP-3 are indicated with^a dot, {B) Schematic represen- 
tation of the WISP proteins showing the domain structure and cysteine 
residues (vertical lines). The four cysteine residues in the VWC domain 
that are absent in WISP-3 are indicated with a dot. (C) Expression of 
mSP mRNA in human tissues. PCR was performed on human 
multiple-tissue cDNA panels (CLONTECH) from the indicated adult 
and fetal, tissues. 

binding proteins (BP). This sequence is conserved in WISP-2 
and WISP-3, whereas. WISP-1 has a glutamine in the thjrd 
position instead of a glycine. CTGF recently has been shown 
to specifically bind IGF (22) and a truncated nov protein 
lacking the IGF-BP domain is oncogenic (23). The von Wil- 
lebrand factor type C module (VWC), also found in certain 
collagens and mucins, covers the next 10 cysteine residues, and 
is thought to participate in protein complex formation and 
oligomerization (24). The VWC domain of WISP-3 differs 
from all CCN family members described previously, in that it 
contains only six of the 10 cysteine residues (Fig. 3/4 and B). 
.A short variable region follows the VWC domain. The third 
module, the thrombospondin (TSiP) domain is involved in 
binding to sulfated glycoconjugaies and contains six cysteine 
residues and a conserved WSxCSxxCG.motif first identified in 
thrombospondin (25). The C-terminal (CT) module contain- 
ing the remaining 10 cysteines is thought to be involved in 
dimerization and receptor binding (26). The CT domain is 
present in all CCN family members described to date but is. 
absent in WISP-2 (Fig. 3 A and B). The existence of a putative 
signal sequence and the absence of a transmembrane domain 
suggest that WISPs are secreted proteins, an observation 
supported by an analysis of their expression and secretion from 
mammalian cell and baculovirus cultures (data. not shown). 

Expression of WISP mRNA in Human Tissues. Tissue- 
specific expression of human WISPs was characterized by PCR 
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analysis on adult and fetal multiple tissue cDNA panels. 
WISP-1 expression was seen in the adult heart, kidney, lung, 
pancreas, placenta, ovary, small intestine, and spleen (Fig. 3C). 
Little or no expression was detected in the brain, liver, skeletal 
muscle, colon, peripheral blood leukocytes, prostate, testis, or 
thymus. WISP'2 had a more restricted tissue expression and 
was detected in adult skeletal muscle, colon, ovary, and fetal 
lung. Predominant expression of WISP-3 was seen in adult 
kidney and testis and fetal kidney. Lower levels of WISP'3 
expression were detected in placenta, ovary, prostate, and 
small intestine. 

In Situ Localization of WISP-l and WISP-2. Expression of 
WlSP'l and WISP-2 was assessed by in situ hybridization in 
mammary tumors from Wnt-1 transgenic mice. Strong expres- 
sion of WlSP'l was observed in stromal fibroblasts lying within 
the fibrovascular tumor stroma (Fig. 4 A-D), However, low- 
level WISP-1 expression also was observed focally within tumor 
cells (data not shown). No expression was observed in normal 
breast. Like WISP- 1, WISP:2 expression also was seen in the 
tumor stroma in breast tumors from Wnl-1 transgenic animals 
(Fig. 4 E-H). However, WISP-2 expression in the stroma was 
in spindle-shaped cells adjacent to capillary vessels, whereas 




Fig. 4. {AX. E, and G) Representative hematoxylin/ eosin-stained 
images from breast tumors in Wnt-1 transgenic mice. The correspond- 
ing dark-field images showing WlSP-l expression are shown in 5 and 
D. The tumor is a moderately well-differentiated adenocarcinoma 
showing evidence of adenoid cystic change. At low power (A and fl), 
expression of WlSP-l is seen in the delicate branching fibrovascular 
tumor stroma (arrowhead). At higher magnification, expression is seen 
in the stromal(s) fibroblasts (C and £)), and tumor cells are negative. 
Focal expression of WISP-l, however, was observed in tumor cells in 
some areas. Images of mSP-2 expression are shown in E-H. At low 
power (£ and F), expression of WISP-2 is seen in ceils lying within the 
fibrovascular tumor stroma. At higher magnification, these cells 
appeared to be adjacent to capillary vessels whereas tumor cells are 
negative (G and H). 



the predominant cell type expressing WlSP-1 was the stromal 
fibroblasts. 

Chromosome Localization of the WISP Genes. The chro- 
mosomal location of the human WISP genes was determined 
by radiation hybrid mapping panels. WISP- 1 is approximately 
• 3.48 cR from the meiotic marker AFM259xc5 [logarithm of 
odds (lod) score 16.31] on chromosome 8q24.1 to 8q24.3, in the 
same region as the human locus of the novH family member 
(27) and roughly 4 Mbs distal to c-myc (28). Preliminary fme 
mapping indicates that WlSP-1 is located near D8S1712 STS: 
WISP'2 is linked to the marker SHGC-33922 (lod = 1,000) on 
chromosome 20ql2-20ql3.1. Human WISPS mapped to chro- 
mosome 6q22-6q23 and is linked to the marker AFM211ze5 
(lod = 1,000). WlSP-3 is approximately 18 Mbs proximal to 
CTGF and 23 Mbs proximal to the human cellular oncogene 
MYB (27, 29). 

Amplification and Aberrant Expression otWJSPs in Human 
Colon Tumors. Amplification of protooncogenes is seen in 
many human tumors and has etiological and prognostic sig- 
nificance. For example, in a variety of tumor types, c-myc 
amplification has been associated with malignant progression 
and poor prognosis (30). Because WlSP-1 resides in the same 
general chromosomal location (8q24) as c-myc, we* asked 
whether it was a target of gene amplification, and, if so, 
whether this amplification was independent of the c-myc locus. 
Genomic DNA from human colon cancer cell lines was 
assessed by quantitative PGR and Southern blot analysis. (Fig. 
5/4 and B). Both methods detected similar degrees of WISP-1 
amplification. Most cell lines showed significant (2- to 4-fold) 
amplification, with the HT-29 and WiDr cell lines demonstrat- 
ing an 8-foid increase. Significantly, the pattern of amplifica- 
tion observed did not correlate with that observed for c-myc, 
indicating that the c-myc gene is not part of the arnplicbn that 
involves the WISP-l locus. 

We next examined whether the WISP genes were amplified 
in a panel of 25 primary human colon adenocarcinomas. The 
relative WISP gene copy number in each colon tumor DNA 
was compared with pooled normal DNA from 10 donors by 
quantitative. PGR (Fig. 6). The copy number of WISP- 1 and 
WISP-2 was significantly greater than one, approximately 
2-fold for WlSP-1 in about 60% of the tumors and 2- to 4-fold 
for WISP-2 in 92% of the tumors (P < 0.001 for each). The 
copy number for WlSP-3 was indistinguishable from one {P = 
0.166). In addition, the copy number of WlSP-2 was signifi- 
cantly higher than that of WISP-I {P < 0.001). 

The levels of WISP transcripts in RNA isolated from 19 
adenocarcinomas and their matched normal mucosa were 
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Fig. 5. Amplification of WISP-l genomic DNA in colon cancer cell 
lines. {A) Amplification in cell line DNA was determined by quanti- 
tative PGR. (fl) Southern blots containing genomic DNA (10 ^g) 
digested with EcoRl (WlSP-l) or Xbal {c-myc) were hybridized with 
a 100-bp human WISP-1 probe (amino acids 186-219) or a human 
c-myc probe (located.at bp 1901-2000). The WISP and myc genes are 
detected in normal human genomic DNA after a longer film exposure. 
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Fig. 6, Genomic amplification of yVISP genes in human colon 
tumors. The relative gene copy number of the WISP genes in 25 
adenocarcinomas was assayed by quantitative PGR, by comparing 
DNA from primary human tumors with pooled DNA from 10 healthy 
donors. The data are means ± SEM from one experiment done in 
triplicate. The experiment was repeated at least three times. 

assessed by quantitative PGR (Fig. 7). The level of WISP-l 
RNA present in tumor tissue varied but was significantly 
increased (2- to >25-fold) in 84% (16/19) of the human colon 
tumors examined compared with normal adjacent mucosa. 
Four of 19 tumors showed greater than 10-fold overexpression. 
In contrast, in 79% (15/19) of the tumors examined, mSP'2 
RNA expression was significantly lower in the tumor than the 
mucosa. Similar to WISP-l, WlSP-3 RNA was overexpressed in 
63% (12/19) of the colon tumors compared with the normal 
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FiG. 7. mSP RNA expression in primary human colon tumors 
relative to expression in normal mucosa from the same patient. 
Expression of ^SP mRNA in 19 adenocarcinomas was assayed by 
quantitative PGR. The Dukes stage of the tumor is listed under the 
sample number. The data are means :t SEM from one experiment 
done in triplicate. The experiment was repeated at least twice. 



mucosa. The amount of overexpression of ]VISP'3 ranged from 
4- to >40-foid. 

DISCUSSION 

One approach to understanding the molecular basis of cancer 
is to identify differences in gene expression between cancer 
cells and normal cells. Strategies based on assumptions that 
steady-state niRNA levels will differ between normal and 
malignant cells have been used to clone differentially ex- 
pressed genes (31). We have used a PCR-based selection 
strategy, SSH, to identify genes selectively expressed in 
C57MG mouse mammary epithelial cells transformed by 
Wnt-1. 

Three of the genes isolated, WISP-1, WlSP-2, ^nd WlSP-3, 
are members of the CCN family of growth factors, which 
includes CTGF, Cyr61, and nov, a family not previously linked 
to Wnt signaling. 

Two independent experimental systems demonstrated that 
WISP induction was associated with the expression of Wnt-1. 
The first was C57MG cells infected with a Wnt-1 retroviral 
vector or C57MG cells expressing Wnt-1 under the control of 
a tetracyline-repressible promoter,' and the second was in 
Wnt-1 transgenic mice, where breast tissue expresses Wnt-1, 
whereas normal breast tissue does not. No WISP RNA expres- 
sion was detected in mammary tumors induced by polyoma 
virus middle T antigen (data not shown). These data suggest 
a link between Wnt-1 and WISPs in that in these two situations, 
induction was correlated with Wnt-1 expression. 

It is not clear whether the WISP% are directly or indirectly 
induced by the downstream components of the Wnt-1 signaling 
pathway (i.e., j3-catenin-TCF-l/Lefl). The increased levels of 
WISP RNA were measured in Wnt-l-transformed cells, hours 
or days after Wnt-1 transformation. Thus, WISP expression 
could result from Wnt-1 signaling directly through ^-catenin 
transcription factor regulation or alternatively through Wnt-1 
signaling turning on a transcription factor, which in turn 
regulates WlSh. 

The WISPi define an additional subfamily of the CCN family 
of growth factors. One striking difference observed in the 
protein sequence of WlSP-2 is the absence of a CT domain, 
which is present in CTGF, Cyr61, nov, WlSP-1, and ^ylSP-3. 
This domain is thought to be involved in receptor binding and 
dimerization. Growth factors, such as TGF-)3, platelet-derived 
growth factor, and nerve growth factor, which contain a cystine 
knot motif exist as dimers (32). It is tempting to speculate that 
WlSP-1 and WISP-3 may exist as dimers. whereas WlSP-2 
exists as a monomer. If the CT domain is also important for 
receptor binding, WISP-2 may bind its receptor through a 
different region of the molecule than the other CCN family 
members. No specific receptors have been identified for CTGF 
or nov, A recent report has shown that integrin Ovft serves as 
an adhesion receptor for Cyr61 (33).. 

The strong expression of WISP-V and WISP-2 in cells lying 
within the fibrovascular tumor stroma in breast tumors from 
•Wnt-1 transgenic animals is consistent with previous obser- 
vations that transcripts for the related CTGF gene are pri- 
marily expressed in the fibrous stroma of mammary tumors 
(34). Epithelial cells are thought to control the proliferation of 
connective tissue stroma in mammary tumors by a cascade of 
growth factor signals similar to that controlling connective 
tissue formation during wound repair. It has been proposed 
that mammary tumor cells or inflammatory cells at the tumor 
interstitial interface secrete TGF-^l, which is the stimulus for 
stromal proliferation (34). TGF-)31 is secreted by a large 
percentage of malignant breast tumors and may be one of the 
growth factors that stimulates the production of CTGF and 
WISPs in the stroma. 

It was of interest that WISP-I and WISP-2 expression was 
observed in the stromal cells that surrounded the tumor cells 
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(epithelial cells) in the Wnt-1 -transgenic mouse sections of 
breast tissue. This finding suggests that paracrine signaling 
could occur in which the stromal cells could supply WlSP-l and 
WlSP-2 to regulate tumor cell growth on the WISP extracel- 
lular matrix. Stromal cell-derived factors in the extracellular 
matrix have been postulated to play a role in tumor cell 
migration and proliferation (35). The localization of WlSP-l 
and WISP'2 in the stromal cells of breast tumors supports this 
paracrine model. 

An analysis of WlSP-1 gene amplification and expression in 
human colon tumors showed a correlation between DNA 
amplification and overexpression, whereas overexpression of 
WISP'3 RNA was seen in the absence of DNA amplification. 
In contrast, WlSP-2 DNA was amplified in the colon tumors, 
but its mRNA expression was significantly reduced in the 
majority of tumors compared with the expression in normal 
colonic mucosa from the same patient. The gene for human 
WISP-2 was localized to chromosome 20ql2-20ql3. at a region 
frequently amplified and associated with poor prognosis in 
node negative breast cancer and many colon cancers, suggest- 
ing the existence of one or more oncogenes at this locus 
(36-38). Because the center of the 20ql3 amplicon has not yet 
been identified, it is possible that the apparent amplification 
observed iox WISP-2 may be caused by another gene in this 
amplicon. 

A recent manuscript on rCop-l, the rat orthologue of 
WISP'2, describes, the loss of expression of this gene after cell 
transformation, suggesting it may be a negative regulator of 
growth in celMines (16). Although the mechanism by which 
IVISP'2 RNA expression is down.-regulated during malignant 
transformation is unknown, the reduced expression of WlSP-2 
in colon tumors and cell lines suggests that it may function as 
a tumor suppressor. These results show that the WISP genes 
are aberrantly expressed in colon cancer and suggest that their 
altered expression may confer selective growth advantage to 
the tumor. 

Members of the Wnt signaling pathway have been impli- 
cated in the pathogenesis of colon cancer, breast cancer, and 
melanoma, including the tumor suppressor gene adenomatous 
polyposis coli and p-catenin (39). Mutations in specific regions 
of either gene can cause the stabilization and accumulation of 
cytoplasmic 0-catenin, which, presumably contributes to hu- 
man carcinogenesis through the activation of target genes such 
as the WlSPs, Although the mechanism by which Wnt-1 
transforms cells and induces tumorigenesis is unknown, the 
identification of WISP% as genes that may be regulated down- 
stream of Wnt-1 in C57MG cells suggests they could be 
important mediators of Wnt-1 transformation. The amplifica- 
tion and altered expression patterns of the WlSPs in human 
colon tumors may indicate an important role for these genes 
in tumor development. 
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Wc have developed a novel "real time" quamiwiivc PCR mcihod. The method meacurei rcR pixirinn 
Tcu^ZtT^^^^ a du.Hab.l«cl nuoro^enlc probe (U. T.qMan Prob.). Thi. method Provides v.^^ 
accurate And reproducible ciuanlliacion of senc copies. Unlike oth^r quaniUaliVfi PCR methods, rcai-Ume PCR 
does nor requh'e poM-HCR sample handling, prevenilns potential PCR product carryover contamination and 
resulting In much fasier and higher throughpuc assays. The r..U\m PCR method has a ^[^^V >f Jf^^^V"^"^^ 
range of starting target molecule deicrmtnatlon (at ieasi Hve orders of maemtudc). Real-lime auaniliarlvc 
PCR b extremely accurate and less labor-intensive than airrent quantitatiyr PCR methods, 



Quantitative nudeic acid stiquericc iinalysis has 
had an iniporlnnt nile in many Helcts of biologi- 
cal research. Mcasmcnient of gcue expression 
(RNA) has bvit^.w u<icd cxtcusivdy In moitltorijig 
biological rcspoiis<?s 10 varioos sliniull C^'^n et al. 
199^; HvvdiiR Gi ai. 199Sa,b; Frud'homnic i?t al. 
1995), Quantiiativc gene analysis CT;NA) ha.s 
Ix-cn uicti \o clr.lttrmiiic the jjcnoiiu- quantity c*f :» 
piirticular gene, as in tlK cascot the hurn»in HEA2 
gc:x*, wliich Is amplified in -30% of brcost tu- 
mors (Slamon v:t al. 1987). CiCnc and genome 
quantitation (DMA and RNA) also have been used 
for analysis of human inuTninodcficicncy virus 
(JIJV) burdun dcmonstrnttng changes in the lev- 
els of vitas throughout the dlffotrcnl phases of the 
cliscasc lConnor et al. 1993; Phitak cl al. J9y:$h; 
J'urtadfi el ai. 1995). 

Many methods have been described for tIu: 
quantitative analysis ot nucleic . acid soqucnccs 
(both fur RNA and DNA; Southern VJ/b; Shiarp ci 
iil. i9Kt); Thomas T9«0). Recently, PCK ha.^ 
proven to be a powerful tool for quantftatlvc 
nucleic acid analpis. PCR and reverse traiwcrlp- 
tase (K*J>PC:r have permitted the analysis of 
mitiiinal starting quantities of nucleic acid (as 
little d-S one cell equivalent). This has madK pos- 
sible many cxperinicnis that could not bnvc been 
perfofOKd with traditional methods. Although 
PCR has provided n powerful tool, it is inipcrattvt; 
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thai \\ be Uic^l i>ropcj]y for qunntitutlon (U»i!y- 
maeker.s 1995), Many early reports of quanlila- 
live PCK anti Rl-PCR described quanlilatinn n( 
the rCR product but did not measure the initial 
target. s<tc|ucnce. quantity. Il is essentia) to design 
proper controls for the quantitation of the initial 
target .sequences (l^crrc 1992; ClcTnentl ct al. 
100?.) 

KeN*:f»i'chcrs have, developed several methods 
of quantitative VCM and RT-PCR. One approadi 
measure.s I'CR i}roducl quantity in the l<Jg pliase 
of ihc retKilon before.thc plateau (Kellogg et al. 
1990; Pang ct a). 1990). This method requires 
thai each san»ple has equal input amounts of 
nucleic add and that each somplc under analysis 
ampllfle-s wH)i klcnl k'.;i1 efficiency up to the point 
of quuuijlulivc analysis. A gene sequence (rm^ . 
tained in nil samples at relatively constant quan- 
titlt=^.^, such as p-aciln) on . bo. UKwd fnr samjilo. 
luni^liTicatJon «fHciency nomiaiiz3ti<m, Uslny 
conventional methods of PCiU detection and 
quantitation (gel electrophoresis or plate capttirc 
hybridlzatinn), it is ejdriemciy laborious to assure 
that all.samples are analyzed diaring the log phase 
of the reac-tion (for both the target gene and the 
normalization gene). Another method, quantlta* 
tive t:ompetitivo (QC)"1^^R. has been developed 
and is used widely for PC:R quantitation. CJOPGR 
relics un I he inclusion o( an internal control 
coinpctltor in each reaction (Bockcx-Andrc 1991; 
Hatak cl al. i99Jo,b). The c^flciorcy of each re- 
action Is normalised to the Inlcrnol compelitor. 
A wnnum auumul o/ lr>tftmaJ comi^ciitor C^n bo 
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add^d \ci each R;\in[Jk'. To obtain relative' n^'anU 
tatlon, Ihc; unknown i;»rRC1 V'CK prcKlurt is ann- 
j)arcd with the known com pytiloi' i>roduct. 
Success of a cjuarMllaHvc cuinpcuUvo I'CU assay 
reliw on Ucvcioplng an tnttrmul tv4iln.>J llial am- 
plifii-ts wllh the same efficiency as the luiK^tl iiiol- 
Lvuic. The design of the coiijpctlu>i and lliv vn)l- 
UQiion of ampllflcailoji ffficicnui*.:* K-quJrc n 
dedicated cffurl. Howevcj*, bccnuse QCMK:k d<x»» 
not ret] II ire Otut PC'.U jui>duc ls be analy^xni during 
the lof; phHKf of Ok*. ;iMi]jIificaiion, it is tin: casior 
vf tl^r two methods to use. 

Severn 1 dttteciUin }<y.sieiii> «ie uMtd fuj quun 
lUative l-'CK and iri-l»C:U ajittiysisj (1) ajiiiro/jo 
i^via, (2) iluortra^.x-nl labtrUit^ of VOW f>i<*duci» nnd 
etc tec U on with liintTr-in<iiu:rc! fluijrc.'iieencc usUi^ 
capillar)' eU!<:tr{jpli<jTe.tin (h«r*co el al. 1995; WM- 
llftms CT al. 199()) or acrylaiulde ijcb, nnd jilatc 
caj^ture* and sandwtdi probe hybrid don (MuU. 
dcr et al. 1994;. Although these uielhi)d> jjmvrd 
successful, each ineThoU ruqvdres pobl-]*CR ntii- 
nipulailons that .uld Ttinti lo liie iinalyMS iiiid 
tuny lead to liibo' *» (o< y i i*nU nil nation . The 
sainpie Lhroughput of lhe>c inrlliud^ i> Ihniicd 
(wUJi UU- v'xccrpilon of the plate capture np- 
proiK'li), ther\:ftJTi:, tlicAc methods ore not 

wcJI >uitrd Tuj u-se^ denii«ndjn^ ^^"fil^ snjnpic 
Throufthpot (I.e., scTcenln^ of hir^e mini hers of 

hIi>ciu>ltTvulc.t Kit aiiiityv.Ltl^ .S^niplva U« didj>xitja- 

WvTX^ we rcjM^rt the dc:vttlopinent t>r ii novel 
ii.vsay for (fuaniltativc DNA ana]y:ii5. The a^say Is 
Iw.-jtpd on tl»«T ustt iif the »S* rtuc-lrh.si* as^ay flrit 
described by Holhrnd el aJ. (1993 J. TJie njetliod 

iUfr. 5*' nuclca.ic flctlvliy of VVi^/ pwiymcra.HC to 
t:lcavc a noncxtcndlbic hybridi/Aiion probe dur- 
h)jj; t)ir c^ctcn.siun phtiar of I'CU. T>u'. nppronc)i 
diinl-lobclcd fluorogenic liybridi/.alJon 
probes (Lcc. et n]. 3.993; Jiaaslcr cl al. 1993; Mvuk 
ct 111, ' 1 ^9rio,b). One nuore»cvni dyv >crvc3 «,s a 
reporter I F AM (i.e., <^C()rboxyfluo.r*Tiec»n)| find Hs 
emission spectra is quenched by the second fiuc>- 
r^scp.nt dye., TAMRA (i.r., rt-cnrboxy-ietram«ti'»yl- 
rhodamhic). Tlic nuclease dcgriidcition of the hy- 
brldimUni ])roht; rt*lt»asi:» the quenching tif Iho 
I'AM fluorescent eiinsaUiii^ rcs^iiltinj; jn an In- 
cn-citsu In pea.k fluorescenl. emission at SJW nm, 
l lic u^ts of <a sequence dcicctor (AUJ Prism) allows 
mcasuicmeni of fluoreNcunt spcciru of all 96 wells 
of rhe ihcrmal cycler contlnuouaJy during tlie 
1*<;h amplJflcarlon. *rru:refore, the rvuetions u;v 
uio!ilti)iXTJ ni real tuinr, TJlc ouipui data is de- 
scribed and qvnnnUailve uiiiilyab of input Ui>;ct 
DNA sequences 15 disajssed hciow. 
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PGR Produce Dereaion in Real Time 

*J1)e i;oiil was to develop a high-througbpul. 5cn- 
?;itivr, »nd nct'nrulc gene ql1;^n^llatlon assay for 
U5C in m<wdloring lipid mediated tho.fapCuTic 
gene tielivo.ry. A plasmld encoding human factor 
VIM gcjic ."ttKjoence, pl-'STM (soc Mctliods). .w;is 
asod :is a nicKK^I itiorajKuUic Kvn<:. TJic assay ijsr<i 
fluorONtcni I'aqman methodology and an instru- 
moni c;ijJHbU: of me«surini|i fluoresce: ice J n real 
time (Alii Trisni 7700 Sequence Oclcclor). Tlui 
I'cKjMNui rtiacllon requires » hybrldtotJojj jirobo 
lolx:lcd witii two different fluorvttccnt dyes. One 
dye ii a rcjxirtwr dy« (I«'AM>, the otKcrw 2< queMcll- 
ing dye (TAMRA), When the prul«: Is Inlacl, fluo- 
icsccjit energy transfer occur» <ind tl)e reporter 
dye fluorc^eunit emi.s.sion is nbsorbcd by the 
qucnc)iln;g dye (TAWRA). 13urin]|j il)c oxtenslon 
pha.ic oMhc 1*CK cycle, iho. fluorcscx'nl liybrid- 
l/jilion jifobc K clcavetl by llie S'-H' nuclcolytic 
iictivily of tlict DNA polymerase. On dc.avagc.of 
the probe, tlie reporter dye emission is no l«)nA0.r 
transferred cfficfcritly to iJie cjuonobing dye, ro 
sidtioK b» U11 Increase of the reporior dy« fluorCK- 
cent cint.^.Hlt}]i «ip«clra. PCU pritncrs and jirobuf* 
were livwiymrd fui lliu Jiuman fiiclor VJIJ se- 
quence and human p-actln gene, (a.% df.,^enhc:d in 
\icthc4d3). Oj>iiuiizaiion reactions wore per- 
formed to cJioose the appropriate prolu* und 
mHgncslum eoncenualiom yielding U»e iii^hr^i 
lriic*n.S]ly of reporlcf nuorcsceni si^nnl wilho\it 
itiierlfJcin^ spveificity. The histrumcini uses a 
clihrKt>co»ipIcd device (i.c,. CCD cnineni) for 
mea.iuring ihc fluorescent emission apeclni from 
fiCH) i«> i'iSO nm. Ivach VCM luhc was monitored 
,sc*tjue"tifdly ftir 2.^ rn.sce wllh ci>ntlnuous jnonJ- 
tojjof; 1hre»u^hoxit tlu: aniplific^tlion, Eacl^ tube 
wa.-i rr-cxandncd every H.5 ?»ce. Coniputcr soft- 
ware, wa.s dti"5i^ne.d lo excunijir iJie fJ\i orescent In- 
tensity of both the rvj»orrcr <ly<^ (rAM).and 
the quenching dye (TAMIIA). 'J*>»e Kuore.sccn^ 
inlensity of the quenddnfi dye, TAMUA, chungv:* 
very Hide, over the course of the KIR ampllfl- 
cadon (datn not shown). rhc.r«fore, the intensity 
of TAMUA dye emission serves as Inicrniil 
.•ftandtu-d wUh which to normull/c the reporter 
dyi: (VAM) cinlSAlon vnriatjons. 11)e .loftware tnl- 
culotes a vaUn: le.rmcd ^Rn (or ARO) using ihc 
followiiii; equation: ARn - (Iln'') (Rn'"), where 
Kn^ . oml»MiuJi ijjlcji^iily of rcporler/cmission in- 
tensity of quencher a I nny given tinjc In a reae 
rton tub**, and Rn r- emission intemAitity of re- 
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poner/v.mi.vslOTi Jnu-nMiy uf quencher mcosured 
prior to rCK iUH]jIilicalion in Ihnr same n'Jictioa 
tube. I-or tlic purpose of quaiitiiation, Uic Id.si 
three datci puiniS (i^KiJS) coiicdcil iluring xhv. tix- 
tetisiOJi step for eadi PC:K cycle were annly/t;cl. 
The imcltfolyuc dcj^rndiition of ihc nyunOiz-xtion 
probe ocxiiM cKirlng ihe extcrisjuM plias^ of I't Jt» 
and, thiirffore, reporter fluorescent iriiiM.Mui* in- 
creascs during ihls time, 'nut ilucv: Jaifl polnti 
were averaged for cacli I'CJK cycle and ;hc ine«»i 
value for oacJl Wiis pioTte.d in an "iinjplltlcatlon 
plot" shown in J'ijjurC J A. Tlic AKamcan vului- 1.^ 
picued on the }f»nxi$f and Time, rcpTcscnlcd i;y 
cycle number, is plotted on thv^-axi.s. During ttie 
«ar]y cyc.U-..s of the VCM amplification, tlit- AUn 



vaJuo Tfmains at. basw Jino When sufficienl hy- 
l)ridj/-atlon probe hu& been cleaved by tlje Ttitj 
jxilymcrasc nuc*ltf!ftfiO activity, tlic intciisily of re- 
port t-r fiviorr.tciirti cmlsaton Incrtfwtivt.. Mo.*;! PC'li 
ainpliri*.^ri<>ns reach u plateau phnMr of reporter 
fjuoK'S*.v.ni emifislon if the rcaclicwi h cftrn>d nin 
lo high c^cle nunilwiN. The amj^lifiratlon plot ]'J 
cxauiiiuid fuiiy iii Ihv feaclion, ut a polTit nvil 
icpicscnts ibf log phiiiio of pr(.u.iui:i arnnrmla* 
tion. This is doiu! by witigning an arijiLiuy 
ihj'oshoid thjl is bwscd on the varuibilUy of the 
f>aN«-line dyU. In V\gOTi\ 1 A, tlte lhfri.^hoJd wh.s .^cI 
»i 10 .stnndiird dov'uitlons aUivc the me;in of 
Viasc lin<t c*n»i»sKiii iralculated from iydc^ 1 lo 
Oiict' the threshold is chosen, the point at which 
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Flqure 1 PCR product detection in real time (A) The Model 7700 t^utlware will const met amplification ploti 
from the extension phase fluorescent emission data colleaed during the PCR ampllficaLion. The standard de- 
viation is determined from the data points collected from the base line of the ampliflcauon ploL values are 
calculated by determining the point ai which the fluorescence exceeds a threshold llmil (usually 10 times loe 
standard deviation of the base line). (S) Overlay ot amplification plots of serially (1 :2) diluted human genomic 
DMA wniplcs amplified with fi-.-ictin primers. (O loput DNA concentration of the samples plotted versus c.t. aii 
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the amplificntVon plot crob&o tlio ilirciihold n clc 
fined as Cp C, is rcjwrtcd an the cycle number ;*1 
tills ptjitu. Ar will be clemonstrutod, thi* C'., .valor 
ist jnt^iicLjve of ihc quantity of injnit tiir^^i'.!. 

Cy Values Provide a Quantitative Nteaftu rem cnf-o>* 
input Targer Sequences 

Pigufc IB shows ampJificatiori plui* of ]i»<diB*»5v- 

ejit PGR an^pJifjcaUons overlaid, 'n^c nmplito- 
Hons wore porfonneti on a 1:2 serial cHlution '(iV. 
human genomic J^NA. 'i'hc ampiiHcd tar^ei w:u 
human 3 »ctin» The :aniplification piots Kliift to 
the right (to higher threshold cycles) n.H *-he. injjul 
targol qtiantiiy is reduced, Is^ expected he 
iiuwutx Tmi\t\or\n with fnwer strirtinj; cnpitis of tlio 
largct molecule require grc-nicr amplification to 
degrade enough probe to attain the Threshold 
fluorescence. An arbitiaiy threshold of 10 stvin- 
dard dcviaUon.s above the base line was used to 
dtitennine t}:c values. Figure IC^ represents the 
Cy values plotted versus the siample dilutiou 
value, Each dilution was amplified in trlpJlcalc 
aniphfiairifins and plotted as mean values 
with error bars representing one standard devia- 
ti<7n. The Cr values decrccise linearly wjth increas- 
ing largei quanilty, 'I'nus, c:,. vttlui:.s can be used 
as a quantiruTive measuxcmcni of t he input target 
numhe.T. It should be noted that the amplifica- 
tion plot for the 15.6'ng sample shown hi lUgurc 
IE does not reflect the same fluorescent rate of 
Increase exhibited by most of the other samples. 
The 15,6-ng sample also ae>iieves e.ndpoini pla- 
teau at a lower fluoresccni vaJuc than woiild be 
exfK'Cted ba.sed on the input DNA. i'his pJuriiuiri- 
enon has been obiicrvcd. occasionally with other 
samples (data not :ihown) and may be attrihut- 
able to late, cycle inbibitloji; thi.s hypoiiiesix is 
still under investigation. It is important to note 
that t?ie flattened slope and early pJatcau do not 
impact signifle^intJy the calculated Cj vaUu' us 
dctnonstrated by the fll on Die line shown in 
Fij^iire. 1 C, All tripUcatC ampllficatioji.s nrsultetl in 
very similar d- values— iJic standard deviation 
did not exceed 0,5 for any dilution. Tills experi- 
ment contains a > 1 00,000-fold range of input tar- 
get molecules. Using Cy values for C|unnlUation 
permits a much larger assay range than directly . 
using total fluorescent emission intensity for 
quantitation. The linear range. oi lluorcsccnl in- 
tensity measurement of Hie Alii I'fhuj 7700 lic- 
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mtMits over n very larjr»e r;nij»<' nf rf*lHllvf» ^i;*rflnp, 
tar^'oi quantities. 

Sample t^repai'adon Validation 

Several parameters influence the efilcltnry nf 
VCM umplificalion: magnesium and salt concen- 
iratioiK, reaction conditions (i.e., tiTne and lem- 
perature)i PCU target si7,c and composition, 
primer sequences, and sample purity. All of The 
a])ove (actors are connnon to a single ViM assay, 
except !;amplc to sample purity, in an effort to 
validate ihe method of sample j>reparaiion for 
the lacior VlJl assay, PCR amplitication reprodnr- 
ibility and olficiency oi JO replicate sample 
]>iei>;i rat ions were examined. After gonomic ONA 
was prepared from the 10 replicaic samples, the 
DNA was quantltaicd by uilravlolcl spectroscopy. 
AmpUncallons were performed analyzing p-acLln 
Kcne. content in 100 and 25 nj; of totat genomic 
DNA. Each )'C;k amplification- was performed in 
•triplicate. C'omp iui son of CJ-i* values for each tri];. 
Ucate .s;un]3le show minimal variation Ijast-d on 
standard deviation and coefi'ldent of varian<:e 
('labie 1). Therefore, each ol the triplicate PC:il 
am])lificatioris was highly rcprodncrihle, tlcinon- 
Slrailng that real time PCi< using this inslrumcn- 
intlon introduces minimal variatitm Into thi- 
quantitative }'CK analysis. c:omi)Hrison of rlie 
mean values of the 10 replicate sample prepa- 
rations also showed minimal variability,. indicat- 
ing tiiat each" sample preparation yielded similar 
, results for (-l-actln gene quantity. 'J'hc higlicM Cy 
ilifference between any of rhe samples was 
aiul 0.73 for the 1(X) and 25 nj^. samples, respec- 
tive.ly. Additiona/ly, the amplification of eaiJi 
samfjle. exhibited an equivalent rate of fluoro 
cciit emission inlcnslly change per amouni of 
DNA target analy7ed ns indicaied by similar 
slopes derived from Ihc sample dilutions (Fig, 2). 
Any sample containing an excess of a VOi inhibi- 
tor would exhii)lt a greater measured g-aciln c:^ 
vakic for a given quamliy of DNA. In addlilon, 
mc Inhibitor would be diUucd along with Ihii 
.sample in the dilution analysi.s (Fig. 2), altering 
the expected c;,. value change. Each .sample nm- 
pJlficotion yielded a similar result in the analysis, 
dcmonslraiing^ that tlsis method cjf .sample prepa- 
ration is highly reproducible with regard lo 
sample purity. 

Ouanritadve Analvsis of a Plasinid After 
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Tablo 1. Reproducibility of S«mpl« PreparAtKon Method 



1 



10 



Mean 



100 ng 



Samplo 

no. Cf 



18.24 
18.23 
.ltJ.33 
18.33 
18.35 
18.^14 
18»3 
18.3 
1^A2 
18.15 
18.23 
18.32 

18;4 
18.38 
18.46 
18.54 
.18.67 
19 
. 18.28 
18.36 
18.52 
18.45 
18.7 
18.73 
18.18 
18.34 
18.26 
18.42 
18.57 
1 8.66 

0 10) 



1«.27 0.06 

^?eA7 0,06 

18.34 0.07 

18.23 0.08 

10.42 0.04 

18.74 0.24 

18.39 0.12 

18.63 0,16 

1B.29 0.1 

18..S5 0.12 

18.-12 0.17 



25 ng 



standard 
m^dn deviation CV 



Standard 
mean dei/iatlon 



20.48 
20.SS 

0.32 20.5 20.51 0.03 
20.61 
20.59 

03? 70.41 0.11 
20.54 
20.6 

0.36 20.49 20.54 0.06 

20,48 
' 20.44 
0.46 20.38 20.^3 0.05 

20.68 

20.87 

0.23 20,63 20.73 0.13 
21,09 
21.04 

1.26 21.04 21.06 0.03 
20.67 
20.73 

0.66 20.65 20.6B 0.04 
20.98 
20.84 

0.83 20.75 20.86 0.12 
20,46 
20.54 

O..^.S 20.48 20..?1 0.07 
20.79 
20.78 

0,65 20.62 20.73 0,1 



0.90 



20.66 0,19 



CV 

0,17 

0.54 

0.28 

0.26 

0.61 

0.15 

0.2 

0.57 

0..32 

0.46 
0.94 



tor cx>jitainin^ a parlln! cUNA for huuiiin f;icior 
VIM, pi-8TM- A series o/ tnioyfcciions wua sot 
up using a decreasing amount of the plasirud^(40; 
A, and O.I p,g). 1*wi-.my-rour hours po.M- 
trfJiKifcfilon. tola) DNA wn« purified frtjin each 
fiasik u/ irlJb. P-AlIiij gmc quitjjlity w«i Liico^rn ^l^ 
a value for norn)oli>:d(ii in of^ciiumic tlNA con- 
ccnrratloji fruiji rrtidi sttiupie. In lliis cxpciinicnt^ 
(i-actin Rciic comcjii should rcniaiii consiaj)T 
rctaiive to roral ^.^uiuinlc DNA. H>*uu' :i show^i Die 
result of the p-actUi DNA incasureTnent (100 jig 
tolal DNA dclcrmined by ultraviolet specrtros- 
copy) Ot each iiujjjilr. Kach SAi^iple wiis analyzed 
in iflplicate and thtf tnean p-actm C";t values of 
the lriplicate.s were plotted (error bars rcprcstw 

^.r^rt r«->-*«i<irn H^fi»iioni I h#» t^lp)»psr nifffrrnrr 



ljefrw4av<ii any iwti sxiiT^jilci iTioaiiic Was U.W5.C,. J en 
. Mijnogranis of totitj UNA uf yaeli sample: were also 
cx.iiiiJiie:d U>r O-acUn. The rcsuhs ojt;ejiu .sliowcd 
xhtiX very suriilar amount.*! of genomic 1>NA wcro 
prcacnt; tin-, maxlniuai mean Ji aciin C( viiluc 
dlffcrc))ctr wi.s ] .0. As I'igurc 3 ahows, U^c mlc of 
p-actJn C,. diy/iK^- lx;iwocn the 100 acid lO-ng 
sajnx>lc.t was sfnillar (sJo)>c vnluo.% p;ing« bahvoon 
3.56 and --3.45). Th\^ verifies again ihal ih'n 
niclhotl of sample prcporollon yields i;.TTri]>lo.s of 
idciitical Pr.R integrity (i.c-. no sample cuiMninpd 
tin excessive aujuuul of a PCR Inhibitor). ITow- 
ever, thc-SC results indicate that cadi sample con- 
tained sll^jhi diffciei7ce.s in the acitifti amount of 
gciiumlc DMA ana]yyx:d. Determination of act\iai 
MLMiujiik* l)NA *.cjnccn<niiion was nticumpUshed 
90ra 09i BT^e XVi 00:ST 



PHONE No. : 310 472 0S05 



Dec. 05 2002 12:24Rn . rl6 



m Al flMh OUANTITATIVH \X'M 





21^ 




21- 










> 






19.5- 




10 








16 




1^ 



1.-4 



1,0 KO 1.7 1JS i.d 

tog (ng Input genomic DMA) 



M 



Figure 2 Sonipic prep^r^iUon punty, 1 he replicdto 
camples shown in Table 1 VA«>ro also an\plin«ti In 
tripicate using 2S ng of each DNA jan>plc, Th« fig* 
uic si'iowi die input DNA conccntfiilion (100 arid 
2S nc)) V5. C, In ihr^ lirjur**. ihp 100 and 75 ng 
poliUs for each tample are connected by a line, 



Ijy j^loUJng iJic JTican fJ-actin O, value obtained 
fOT eiitih 100- ng iittiiiplv v>ii a p-aclln si.nndwrtl 
v.-urve (shown In J'in- 40). The ocUial >;ut3omlc 
nNA coiicwilr;t<l<"i oi* cacli sumpl*** "/ "^^^ ob 
laincxi L>y cxtrapciflUon 1<> tliwX uxU. 

normallTicd) c|vuuaili(^.s uf faclor VD) plnrimUi 
ONA (pPtJ1*M) f'lotn cnch of tlut four iransicnl cell 
Irii'issft-cUonA. £«ch rcacilon contained 100 
lottil 5(»mj>Io 15NA (tta dctcmiii»cd by UV spcctroK- 
co]?y}. I'^ch 5imiplc wii.s LuialyzoO in triplu:ttk* 
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Figure 3 Analybli of Udnifectcd cdJ DNA quonUiy 
and purity. I he DNA preparations of Uic four 29^ 
ceil transfeci-ions (40, 4, 0.5, and 0.1 jxg of pFSTM) 
were analyyed for the 0-actln gene. ^ 00 and 1 0 ng 
(determined by ultraviolel spectroscopy) o( each 
sample were amplified in triplicate. For each 
amount of pF8TM that was transfectcd, the fi-aciln 
Cj values are plotted versus the lolal Input DNA 



■l>C:rc ;i*nipllf3cation>. As shown, pi'B'l'M pvirificd 
.fitjic Jbc 20'A cells decnjascs (mean C, valuci; in- 
eTvtiU';i';^ with ducrcasinf; amoonis (if plusmld 
arun^lrttcd- Th« mean vj»lucs obtnincd for 
pKbTM inTigurc 4A wore plotted ou ;i sl;w»Ujrd 
uurvc oC'mprl.iiiU of sietlally diluted pKHlM, 
shown .in figure 4R. Thu tjuaiiniy uJ pl-XI'M, h, 
found in coch of tiic four ironfircctlonR w:is do 
tcrmined by cxtrnpnJation to the* x a^iti of t)iO 
fiiandard curve In Viyurc 4H. nurse, uncorrected 
values, h, for pWJ'M w«re ]K>ru>i<HyAid to dcicr- 
intnc tiic actual amount of pl'S'l'M ftmnd pvr TOO 
TIM <'f K*:n<)jnk' DNA by irslng Ihe equation:- 



X 100 n« 



(JCtual pFB'ITvi c(*f;ie.'^ oc*r 
1(X) ng of ^jcnomlc DNA 



aora 



wl^ere a •- actual gcno^nic IWA in u sample and 
/j w prH'lTvl copies from the slandord curvv, 'n»c 
notmaJir-cd quantity of pl'BTM per 100 ng of ge- 
nomic DNA for ciich of The four mi n ?i feet I on.s J.i 
shown III Hgure 4JJ, Hh-m- roulls Miow Uifli ihc 
Cjuanmy of factor Vlll plaaitUO ii5H>eluted wiili 

the CttUN, lir after iruJUsfvUicin, dei.u:.iSu.s 

witli Ocercusiiij; plwMiuU i.uMi.«iUiatjoii used in 
the iraiiaXctTtion. TIk: quantity of pl'B'J'M nsaocJ- 
iiieu wjih '^93 cuius, after trujisfcctloji wlili 40 ntg 
of pli^Kjnid, was 35 pg p^ir 100 ng t;i!nuii)Ic DNA. 
This results in -520 j^lasiiiid copies per eelJ. 



DISCUSSION 

Wo have described .a now nietht)d for qua n til "t- 
inj> jjcnc copy nujnbcrs using /<*Al-timc «Tiuiysl-s 
of PCJR ampllfjcatinnx. Real- time HOK is a)fnpat- 
iblc with cJthttT of the two KlR (l(T-rCR) ap- 

pruaLho: (1) quaolllcitivv comiJcliiivt.* where an 
iiitcinal coiHpclilor for each target .sequence iy 
uscO for nojmaliKaUon (data not shown) or (2) 
quiiHiiiatlve comparative PCK uslny u iKimutli^fi- 
tloii j;eiie conUined withiji the sample (i.e., p-nc- 
tin) or a "housttkeeping" gene for RT-Pf.^K. ff 
equal amounts of nticlclc ucld are anaJyml U)t 
eacn sample ami if the ampilflcatiun cffiti'au.y 
before quantitative analysb o identical for eflch 
sample, the iTuernal control (tiuiniidiAition K^ne 
or compctinjr) .should Rive equal M);ndU for fllJ 
samples. 

' The real-time PCU mclhoti (offers sevcml ad- 
vanlagos over the other two methods currently 
employed (see ihc IntroducUon). I'irsL the real- 
tinie PCR method is pe.rtonncd in a do5cd-tubc 
system and requires no pwt-PCJR manipulation 
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FIgiim 4 Quantltativo nnoiyKix of pFSTM in Irafisicctcd tdli. Amount of 
plasmid DisiA u^cd for I he; trunsfecUon plotted agiiinsi Uiu invun C, value deter- 
mined for pfSTM rcmalniMij ;>>t br atlcr Uiinsrfcctlon. (fi.Q Siandard cur^r^ of 
pf^RTM and (i-acilii, respcclivoly. pfai'M DNA (fl) and ycnomic DNA (Q were 
dilutftd £Artdtty 1 :S before j^mpliflcAtlon with the approprinte primers. The (3-acttn 
standflrd curve wd* usod lo norniafi^c Ihc results of A lo 100 ny of genomic DNA. 
(O) Tho amouiU of pfBTM present per 100 ntj of jgerKJmic DNA. 



of .»;,Tn^pIy. Therefore, iJii' potent i«J for TCU c<;n- 
inmlnotiou in ihe tal'>(>rat<.>ry is rediK'Ccl because 
amplified producU wan I?« ;4ijHlyv.fd aJid disponed 
oi witluMJt opening iho ru;iUion tubw. SecxuHl,. 
(his methcK] siippoil^ UMt oC a lujrmiilixcitJun 
^ene (i.e., P-flctiii) for quaniitalivc. PGR or house- 
keeping genes for ijuantitiitivc RT-l'CU controls. 
Analysis Js performed iu real time during the Jog 
phase nf jproduct accumulation. Analysis dorir^j; 
luK pfiioc pcnuits niftoy Jiffemit ^cncs (^over <i 
wide input larftrt mngr) to be analy^rti .simuJia- 
ntxiuNly, without eonccrn of rcnchijig rcnelion 
pluieau at different cycles. Tliis will make nuilll- 
^cne at^alysjs assays much ca.-^ivii iw develop, be- 
Cftusc individual iiitefnctl unnpdUoii will nul be 
needed for coeh gene under analysis. T]iird, 
^rtinplc th»X>ughput will i^i\.^ca^c diuiiialicaJly 
with the new method becau.ic there is no |>ost. 
rCU pi'occnsing time. Additionally, woiking In a 
format is highly eoin])atible wttil auttv 
million technology, 

The real-time 1*CR method is liighly repif>- 
ducibiv. Rcplleaie amplifications can be auwly^ed 



for (^ncli somple niiniml^dng ]>otcntlMl emjr. The. 
systitin ;inows- lor a very large assay Oynnmle 
range (appTOiKthing 1,000,000 -fold Marting tcii- 
get). IJttlng a .Mandord curve for the torxct ol in- 
terest, relutlvc copy number value:* can he ctclcr- 
mined for any uukiiuwii huiiipK\ hJuor«sceni 
Ihrcslioid vnlucs, Cp, coneJatr linearly with rela- 
tive DNA copy numbers. Heal time quanlUaiJvu 
KT* rCJR methodology (Cilb.soji et al., Uiix L«tjt-) 
ha.i abohce.n devc^loped. finally, real time qudu- 
tifative I'CU metht>clology can he used devciup 
high-throughput serecnUig aa.-iay.H fc»r n variety of 
applications fquaiitJtntlvc gene CA^'jea&ioii (KV- 
rCR), ^^unc copy ii.infly.i (!]cr2, IllV, etc.); gcno- 
lyping (ki\oeKoui mouse analysis), and Immumi- 

rcuj. • 

Rruil-tinte K^U may al.w Ik: jTcrformcd using 
infcrcahHiFig dyas (Higuchi ct ul. such tis 

eiJiidium bromide. The fluorogenic prohe. 
method offers a major advantage over intcr- 
ralaiing dyes- greatei spccJflcfty (i.e., primer 
dimvrs and nonsjjcdfic PCR products art: not de- 
t fried). 
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METHODS 

Generation of <i Piasmid Cumalning a Partial 
cDNA for Human Factor Ylll 

rv\H\ RNA htirvTMctl (UNArol \\ (fi»ni ToS Test, htc, 
J-r)C"<lsv%'Ood, TK) fruiu c-vJI> i t-».iafc<lL-cl wUU a focHur Vlll 

ninn ri al. VJ<>0), A factor Vlll p^iriial chNA <^inirmv wns 
f^vni^rnud by irj' l»C:It K:t.iieAmi> la iTlh ItNA t>r.U Xl< 
(pan NW)K-(n yy, I't Anpl'^-*) Uio&y«cms Vvmvi CMy, CA)\ 

Uiliif, the l'C:u jjriuicf* KHfor hi**! I'Rrcv (|»riiiwr M'qiK-nCrS 
arc ftiiown IxMow). nii* ampHcon w.is ^eamiilifiitl OAlnR 
nKHlifi^'O I'flfof ajict I^rcv primers (npix-mU-u wMh hutfiUl 
flnci ////rdlll restriction sire st-qucncrs hi Oiv y wul^ »»«u1 
clotK-O imo j>til'.M- 3Z Crroim*Kn c;ofp„ MuilwOil, Wl). 'VUv 
resulting cffmr, pPSTM, was awtl lor iransicMi iransfccilon 
oJ' 293 ceils. 

Amplification of Target DNA aiul Dcicciloii of 
Amplicpn Factor VIII Plasmid DNA 

<ph"H"l"M> * was (*tnp!lflwl Willi \Uv in Ui\k'ts VHUn 5'-<X;C:- 

crrdCCAAUAUiruAtxiicnw.y. anci r^rc-v 5'-aaa<:c:t- 
t;AOC;crocjA*JXttj*rAt*;C;-r»'.'n»cfvMviKin piwJutfO ti 'i^.a- 
tiji i'C:k prcjciuci. TMi* forwiinl pnirivr wa^ Uviixnvil u> ki- 
n{<nt/L* H uiilgv'*? M'lpj^'tui' fmuid ii'i the 5* unlfansli)<«1 
rextUM piiitriU tiC15Z.»v23J) pItiMiiiil rtittl llu:rr<OfC 

tUJVS not K^JH^iJUv: ill id iimplif/ ihv iKtmiil) fvictor VIII 
^vuv, I'rioiorfi woro choKOti with Uw avsivt;*!"*^' rt*" ll^c iH>ni- 
pulcr pro«fiuu OIis<» (Ntitionul UUwcionccs^.lnv,, lUy- 
mouth, MN).Thc human p-actin ^,t>nc w»s amptUlcd with 
lUc ptlinco li-dt iiii riJi-wArd j>rlincr TCACCCA^1A< H* 
GCCCAT<rrAC:C';A-3' and ti-actiij rt-vcrsc piio^cr ."i'.C :A(;- 
CGCAACCX^f TKCA HCiC :C :AA*JGCi-3'- The feacilon pro- 
oucoo a zv5 hp rc:u product. 

AmpUflcailon rc:iciions (SO pJ) coiitninetl a DNA 
sample, I OX !'<;« Uvjfft;r II ^tl), 200 ttM dATl', dCYV, 
WOTW flnd 'lOO riirCP, 4 inM MgCI^, Unhs AmpJI 
Ttttj PNA poiymcmc* 0.5 unit AiiipWiisc uracil N-jjly- 

t;t».iyltt)K' <UNC), 50 prnolc of crtch fftcloi Vlll iirlinci, und 15 
p«iH>tt* it( imi^h |< Jictln pUnK*if. icaclKiits iiUo i»>ntaUicd 
one of iht: foMpwiuj; dt*tv('tl/iii prohox (UMJ hm rtit'li): 

J^yjin.iic A'(iuM>Ac:frJ*frj'<:c:A(:c:T<;t'rn'<:'rrr<:Ttrr- 

GCCTT(TAMRA)p 3' «ud p-nctin proU- 5^ (rAM)ATGf,:i:c:- 
X(rAMKA)C:CCCr:ATc:;CCA'rCp-3' wlirrr p indioa^cs 
pl>o:iplioryIftnnn nnd X indifotcsa linker arm nuclc<>titU'. 

Mtt:n>Afi\p Opiit^al Tubes (pari AUxn- 
l.icr NK01 Of):<3, rcrWn lUniur) lJia< wvfc frusU'il i'M IVrkhi 
rimcx) to pri-vt wi li^M from /cflccllnj;, Tvibc cop* w<'rc 
si mi lot- in Mii*rt>Amp Cinps hul specially dcaifliicd. lo pre- 
vent 11^1 11 »(.-«( Kt'h I j(. All <il lliO IH;U\Uni«uinul>l<*» wcro t\\}^ 
,/lJv:d Ivy PK Applied lUo*y»(cni9 <|i<»»U*r CMty, CA) except 
I he factor VIU priiuera, wlilc)> wrir Ayniliesbrd ul Ccnvn 
lech, Inc. (btnith r-mi rrunclsco, CA). Prolwv vvi-n* dc*sJ(;nwl 
liMng the OljKf.i 4.0 .noflwore, follvwInR gutdplinc!; wij;. 

ji«iofl in Ulc MoUcl 770() .sequence Pcttrttw liismuiu-iil 
inanuAL lirlcHy. pruin- T^ jImiuUI he al least 5"C: hirthrr 
mail aniu-alUiM tempivjrtiiirc used durlnj; iltcfftiiil ey- 
rhny primers shtnild nut /uim Mrtlile duplextV wiili llu- 
prohr. 

The ihcriufll i-ycltng ctjndiMoivs liirJudeil 1 Jiiln at 
50"<'; and 10 niin ul 95"C. ninhnai <.-ycling proerrded with 
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roactiouii wore jwrfonnvd M<"iflel 77(MKScqucna* IV- 

\f%-Mir (Pt Applted Ulusyvtvuiv). wliJrh contaUu Ccnr . 
Amp l'< :U SyMuni i?6O0. U<:at:lion tvudition^ wi rr- )iio. 
Rn»Him.xl un .1 I'wwor Mncinto-U V10(» (Apple C J.«npn<f>r. 

Soma Clara, t;A) nnkcO cUrv«ily to ihc Motiel '/vnft .^i- 
c)ucn«.v IXiloctof. A«aly*ii» of data w»« alw.i iwr^/tcmi'd on 
tUv MNi lntf«ih «omp\itcT. f *.r»llncilon anti iinalyKlc tcjfiwure 
w»» devclo|wd »t I'K Appllt.%1 niosyxiwrns. 

Trjnjfection of Cells with Factor Vlll G^iutrucl 

y-nur -nVS flasks; of 2V3 tells {ATCC C\U. 157H). n fuininn 
feiol Iddncy siKipenKion cell Un*f, wvre to 80% con- 

llueney Aftd trAnifctied pfKI'M. Cells were grown In ilit' 
f^)IIowhi8 mcdInt.SCWi HAM'S y\2 without GMT, .^0% h)v^ 
g)uco5C nvtll>cr<.N»'3 modified I-laxlomcditnn (UMI'.M) wiUi- 
oin RlydMu wiUi sodium bicarhnnate, 10% leiat tx»vu7c 
scnmi. 2 ihm i.t^lwldininc, And 1% peniollin-strcpton\y' 
Oil. The media cJia^gcd 30 min Mo"* il,c iransfcc 
lion, pJ-UTM DNA amottnif* uf 40, 'l, OS, and 0.1 h-H w*-'''^' 
iidiled li> ^^ ml of a 5ulutlt)n ct'>nialnlnfi O.V2.^ m CUiCl,.- 
And 1 X IimiS. The four mixturt-.n were left al room ten- 

l.H:.r?it»jri' ff.i UJ mJn and Ihcni iiddi-*! dwipwljii' l<> 0»o cells. 
'Vhe n«»kN vvviv;iiit.uljalod at 37'»C'and »'( :0. for 24 hr, 
waiilied with PUS* i.iid fv^-»uspcndcd In PUS. ThV H'huh 
jn-niiiid ccib wre dIvUleil inU> uliquota uiid DMA wAi cv- 
tr>u:te(l Imnitrdlulcly usins OieQIAudi)' ^''^ (Q'^P'^"- 

CUit?t,'»m>rtl», CA), i>NA v^ms duied Into 200 p.1 uf M 
Ti'WlCi ulpll H.O. 
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EXHIBIT F 



methods. Peptides AENK or A£QK were dissolved in water, made isotonic with 
NaCl and diluted into RPMI growth medium. T-cell -proliferation assays were 
done essentially as described^''. Briefly, after antigen pulsing {30jigmr' 
TTCF) with tetrapeptides (I-Zmgrnl"'). PBMCs or EBV-B ceUs were 
washed in PBS and fixed for 45 s in 0.05% glutaraldehyde. Glycine was added 
to a final concentration of O.lM and the cells were washed five times in RPMI • 
1640 medium containing 1% PCS before co-culture with T-ceD clones in 
round -bottom 96 -well micro titre plates. After 48 h. the cultures were pulsed 
with 1 p-Ci of -thymidine and harvested for scintillation counting 16 h later. 
Predigestion of native TTCF was done by incubating 200 ^.g TTCF with 0.25 M-g 
pig kidney legumain in 500 \x.\ 50 mM citrate buffer. pH 5.5. for I h at 37 *C. 
Glycopeptide digestions. The peptides HIDNEEDI, HlDN(N-glucosamine) 
EEDl and HIDNESDl. which are based on the TTCF sequence, and 
QQQHLFGSNVTDGSGNFCLFR(KKK), which is based on human transferrin, 
were obtained by custom synthesis. The three C-terminal lysine residues were 
added to the natural sequence to aid solubility. The transferrin glycopeptide 
QQQHLFGSNVTDCSGNFCLFR was prepared by tryptic ( Promega) digestion 
of 5 mg reduced, carboxy- methylated human transferrin followed by 
concanavalin A chromatography". Glycopeptides corresponding to residues 
622-642 and 421-452 were isolated by reverse-phase HPLC and identified by 
mass spectrometry and N- terminal sequencing. The lyophilized transferrin- 
derived peptides were redissolved in 50 mM sodium acetate, pH 5.5. 10 mM 
dithiothreitol, 20% methanol. Digestions were performed for 3 h at 30 ?C with 
5-50 mU ml"' pig kidney legumain or B-cell AEP. Products were analysed by 
HPLC or MALDI-TOF mass spectrometry using a matrix of lOmgml"* a- 
cyanocinnamic acid in 50% acetonitriIe/0.1% TFA and a PerSeptive Biosystems 
Elite STR mass spectrometer set to linear or reflector mode. Internal standar- 
dization was obtained with a matrix ion of 568.13 mass units. 
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Fas ligand (FasL) Is produced by activated T cells- and natural 
killer cells and it induces apoptosis (programmed cell death) in 
target cells through the death receptor Fas/Apol/CD95 (ref. 1), 
One important role of FasL and Fas is to mediate immune- 
cytotoxic killing of cells that are potentially harmful to the 
organism, such as virus-infected or tumour cells'. Here we 
report the discovery of a soluble decoy receptor, termed decoy 
receptor 3 (DcR3), that binds to FasL and inhibits FasL-induced 
apoptosis. The DcR3 gene was amplified in about half of 35 
primary lung and colon tumours studied, and pcR3 messenger 
RNA was expressed in malignant tissue. Thus, certain tumours 
may escape FasL-dependent inunune-cytotoxic attack by expres- 
sing a decoy receptor that blocks FasL 

By searching expressed sequence. tag (EST) databases, we identi- 
fied a set of related ESTs that showed homology to the tumour 
necrosis factor (TNF) receptor (TNFR) gene superfamil/. Using 
the overlapping sequence, we isolated a previously unknown full- 
length complementary DNA from human fetal lung. We named the 
protein encoded by this cDNA decoy receptor 3 (DcR3). The cDNA 
encodes a 300-amino-acid polypeptide that resembles members of 
the TNFR family (Fig. la):'the amino terminus contains a leader 
sequence, which is followed by four tandem cysteine-rich domains 
(CRDs) . Like one other TNFR homologue, osteoprotegerin (OPG)^ 
DcR3 lacks an apparent transmembrane sequence, which indicates 
that it may be a secreted, rather than a niembrane-asscociated, 
molecule. We expressed. a recombinant, histidine- tagged form of 
DcR3 in mammalian cells; DcR3 was secreted into the cell culture 
medium, and migrated on polyacrylamide gels as a protein of 
relative molecular mass 35,000 (data not shown). DcR3 shares 
sequence identity in particular with OPG (31%) arid TNFR2 
(29%), and has relatively less homology with Fas- (17%). All of 
the cysteines in the four CRDs of DcR3 and OPG are conserved; 
however, the carboxy- terminal portion of DcR3 is 101 residues 
shorter. 

We analysed expression of DcR3 mRNA in human tissues by 
northern blotting (Fig. lb). We detected a predominant 1.2-kiIobase 
transcript in fetal lung, brain, and liver, and in adult spleen, colon 
and lung. In addition, we observed relatively high DcR3 mRNA 
expression in the human colon carcinoma cell line SW480. 

To investigate potential ligand interactions of DcR3, we generated 
a recombinant, Fc-tagged DcR3 protein. We tested binding of 
DcR3-Fc to human 293 cells transfected with individual TNF- 
family ligands, which are expressed as type 2 transmembrane 
proteins (these transmembrane proteins have their N termini in 
the cytosol). DcR3-Fc showed a significant increase in binding to 
cells transfected with FasL^ (Fig. 2a), but not to cells transfected with 
TNF^ Apo2L/TRA^L*•^ ApoSL/TWEAK"*', or OPGUTRANCE/ 



NATURE I VOL 396| 17 DECEMBER 1 998 1 www.nature.com 



Nature Q Macmtllan Publishers Ltd 1998 



699 



letters to nature 



RANKL*""'^ (data not shown). DcR3-Fc immuno precipitated shed 
FasL from FasL-transfected 293 cells (Fig. 2b) and purified soluble 
FasL (Fig. 2c), as did the Fc-tagged ectodomain of Fas but not 
TNFRl. Gel-filtration chromatography showed that DcR3-Fc and 
soluble FasL formed a stable complex (Fig. 2d). Equilibrium 
analysis indicated that DcR3-Fc and Fas-Fc bound to soluble 
FasL with a comparable affinity (K^ = 0.8 ± 0.2 and 
l.l±0.1nM, respectively; Fig. 2e), and that DcR3-Fc could 
block nearly all of the binding of soluble FasL to Fas-Fc (Fig. 2e, 
inset). Thus, DcR3 competes with Fas for binding to FasL. 

To determine whether binding of DcR3 inhibits FasL activity, we 
tested the effect of DcR3-Fc on apoptosis induction by soluble 
FasL in Jurkat T leukaemia cells, which express Fas (Fig. 3a). DcR3- 
Fc and Fas-Fc blocked soluble-FasL-induced apoptosis in a 
similar dose-dependent manner, with half-maximal inhibition at 
—0.1 M-gmf'. Time-course analysis showed that the inhibition did 
not merely delay cell death, but rather persisted for at least 24 hours 
(Fig. 3b). We also tested the effect of DcR3-Fc on activation- 
induced cell death (AICD) of mature T lymphocytes, a FasL- 
dependent process'. Consistent with previous results*^ activation 
of interleukin-2-stimulated CD4-positive T cells with anti-CD3 
antibody increased the level of apoptosis twofold, and Fas-Fc 
blocked this effect substantially (Fig. 3c); DcR3-Fc blocked the 
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Figure 1 Primary structure and expression of human DcR3. a. Alignment of the 
annino-acid sequences of DcR3 and of osieoprotegerin (OPG); the C-terminal lOi 
residues of OPG are not shown. The putative signal cleavage slie (arrow), the 
cysteine-rich domains (CRD 1 -4), and the A/-linked glycosylation site (asterisk) are 
shown, b. Expression of DcR3 mRNA. Northern hybridization analysis was done 
using the OcR3 cDNA as a probe and blots of poty(A)' RNA (Clontech) from 
human fetal and adult tissues or cancer cell lines. P8L peripheral blood 
lymphocyte. 



induction of apoptosis to a similar extent. Thus, DcR3 binding 
blocks apoptosis induction by FasL 

FasL-induced apoptosis is important in elimination of virus- 
infected cells and cancer cells by natural killer cells and cytotoxic T 
lymphocytes; an alternative mechanism involves perforin and 
granzymes'''^"'*. Peripheral blood natural killer cells triggered 
marked cell death in Jurkat T leukaemia cells (Fig. 3d); DcR3-Fc 
and Fas-Fc each reduced killing of target cells from —65% to 
-^30%, with half-maximal inhibition at —1 |xgml~'; the residual 
killing was probably mediated by the perforin/granzyme pathway. 
Thus, DcR3 binding blocks FasL-dependent natural killer cell 
activity. Higher DcR3-Fc and Fas-Fc concentrations were required 
to block natural killer cell activity compared with those required to 
block soluble FasL activity, which is consistent with the greater 
potency of membrane-associated FasL compared with soluble 
FasL'^ 

Given the role of immune-cytotoxic cells in elimination of 
tumour cells and the fact that DcR3 can act as an inhibitor of 
FasL» we proposed that DcR3 expression might contribute to the 
ability of some tumours to escape immune-cytotoxic attack. As 
genomic amplification frequently contributes to tumorigenesis, we 
investigated whether the PcR3 gene is amplified in cancer. We 
analysed DcR3 gene-copy number by quantitative polymerase chain 
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Rgure 2 Interaction of DcR3 with FasL. a, 293 cells were transfected with pRK5 
vector (top) or with- pRK5 encoding full-length FasL (bonom). Incubated with 
DcR3-Fc (solid line, shaded area). TNFRl -Fc (dotted line) or buffer control 
(dashed line) (the dashed and dotted lines overlap), and analysed for binding by 
FAGS. Statistical analysis showed a significant difference (P < 0.001 ) between the 
binding of OcR3-Fc to cells transfected with FasL or pRK5. PE, phycoerythrin- 
labelled cells, b, 293 cells were transfected as in a and metabolicalty labelled, and 
cell supernatants were immunoprecipitated with Fc-iagged TNFRl. OcR3 or Fas, 
c. Purified soluble FasL (sFasL) was immunoprecipitated with TNFRl -Fc. OcR3- 
Fc or Fas-Fc and visualized by immunoblot with anti-FasL antibody. sFasL was 
loaded directly for comparison in the right-hand lane, d, Rag-iagged sFasL was 
incubated with DcR3-Fc or with buffer and resolved by gel filtration: column 
fraaions were analysed in an assay that detects complexes containing OcR3-Fc 
and sFasL-Flag. e. Equilibrium binding of DcR3-Fc or Fas-Fc to sFasL-Rag. 
Inset, competition of DcR3-Fc wiih Fas-Fc for binding to sFasL-Flag. 
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reaction (PGR)" in genomic DNA from 35 primary lung and colon 
tumours, relative to pooled genomic DNA from peripheral blood 
leukocytes (PBLs) of 10 healthy donors. Eight of 18 lung tumours 
and 9 of 17 colon tumours showed DcR3 gene amplification, 
ranging from 2- to 1 8- fold (Fig. 4a, b). To confirm this result, we 
analysed the colon tumour DNAs with three more, independent sets 
of DcR3 -based PGR primers and probes; we observed nearly the 
same amplification (data not shown). 

We then analysed DcR3 mRNA expression in primary tumour 
tissue sections by in situ hybridization. We detected DcR3 expres- 
sion in 6 out of 15 lung tumours, 2 out of 2 colon tumours, 2 out of 5 
breast tumours, and 1 out of 1 gastric tumour (data not shown). A 
section through a squamous-ceil carcinoma of the lung is shown in 
Fig. 4c. DcR3 mRNA was localized to infiltrating malignant epithe- 
lium, but was essentially absent from adjacent stroma, indicating 
tumour-specific expression. Although the individual tumour speci- 
mens that we analysed for mRNA expression and gene amplification 
were different, the in situ hybridization results are consistent wirh 
the finding that the DcR3 gene is amplified frequently in tumours. 
SW480 colon carcinoma cells, which showed abundant DcR3 
mRNA expression (Fig. lb), also had marked DcR3 gene amplifica- 
tion, as shown by quantitative PGR (fourfold) and by Southern blot 
hybridization (fivefold) (data not shown). 

If DcR3 amplification in cancer is functionally relevant, then 
DcR3 should be amplified more than neighbouring genomic 
regions that are not important for tumour survival. To test this. 



we mapped the human DcR3 gene by radiation-hybrid analysis; 
DcR3 showed linkage to marker AFM218xe7 (T160), which maps to 
chromosome position 20ql3. Next, we isolated from a bacterial 
artificial chromosome (BAG) library a human genomic clone that 
carries DcR3, and sequenced the ends of the clone's insert. We then 
determined, from the nine colon tumours that showed twofold or 
greater amplification of DcR3, the copy number of the DcR3- 
flanking sequences (reverse and forward) ft-om the BAG, and- of 
seven genomic markers that span chromosome 20 (Fig. 4d). The 
DcR3- linked reverse marker showed an average amplification of 
roughly threefold, slighdy less than the approximately fourfold 
amplification of DcR3; the other markers showed little or no 
amplification. These data indicate that DcR3 may be at the 'epi- 
centre' of a distal chromosome 20 region that is amplified in colon 
cancer, consistent with the possibility that. DcR3 amplification 
promotes tumour survival. 

Our results show that DcR3 binds specifically to FasL and inhibits 
FasL activity. We did not detea DcR3 binding to several other TNF- 
ligand- family members; however, this does not rule out the possi- 
bility that DcR3 interacts with other ligands, as do some other 
TNFR family members, including OPG^:*'.. 

FasL is important in regulating the immune response; however, 
little is known about how FasL function is controlled. One mechan- 
ism involves the molecule cFLIP, which modulates apoptosis signal- 
ling downstream of Fas^**. A second mechanism involves proteolytic 
shedding of FasL from the cell surface". DcR3 competes with Fas for 




10-2 . 10-1 loO 
Inhibitor (p.g mM) 




10 20 
Time (h) 




lO-l 100 101 
Inhibitor (p.g mH) 



Rgure 3 Inhibition of FasL activity by DcR3. a. Human Jurkat T leukaemia cells 
were incubated with Flag-tagged soluble FasL (sFasU 5ngmr') oligomerlzed 
with anti-Flag antibody (O.t M-gniP') in the presence of the proposed inhibitors 
DcR3-Fc. Fas-Fc or human IgGi and assayed for apoptosis (mean * s.e.m. of 
triplicates), b, Jurkat cells were incubated with sFasL-Flag plus anti-Flag antibody 
as in a, in presence of i jig ml"' DcR3-Fc (filled circles). Fas-Fc (open circles) or 
human lgGi (triangles), and apoptosis was determined at the indicated time 
points, c. Peripheral blood T celts were stimulated with PHA and inter1eukin-2. 
followed by control (white bars) or antl-CD3 antibody (filled- bars), together with 
phosphate-buffered saline (PBS), human IgGi, Fas-Fc. or DcR3-Fc (10 M-g ml"*). 
After 16 h. apoptosis of CD** cells was determined (mean * s.e.m. of results from 
five donors), d. Peripheral blood natural killer cells were incubated with *'Cr- 
labelled Jurkat cells in the presence of OcR3-Fc (filled circles). Fas-Fc (open 
circles) or human IgGi (triangles), and target-ceil death was determined by 
release of ^'Cr (mean * s.d. for two donors, each in triplicate). 



Figure 4 Genomic amplification of DcR3 in tumours, a. Lung cancers, comprising 
eight adenocarcinomas (c, d. f. g, h.j. k; r), seven squamous-cell carcinomas (a. e, 
m, n. o. p. q), one non-small-cell carcinoma (b), one small-cell carcinoma (i). and 
one bronchial adenocarcinoma (I). The data are means i s.d, of 2 experiments 
done in duplicate, b. Colon tumours, comprising 17 adenocarcinomas. Data are 
• means r s.e.m. of five experiments done in duplicate, c. In situ hybridization 
analysis of DcR3 mRNA expression in a squamous-cell carcinoma of the lung.'A 
representative bright-field image (left) and the corresponding dark-field image 
(right) show DcR3 mRNA over inh'ltrating malignant epithelium (arrowheads). 
Adjacent non-malignant stroma (S), blood vessel (V) and necrotic tumour tissue 
(N) are also shown, d. Average amplification of DcR3 compared with amplifica- 
tion of neighbouring genomic regions (reverse- and forward. Rev and Fwd). the 
DcR3-linked marker Ti60, and other chromosome-20 markers, in the nine colon 
tumours showing OcR3 amplihcation of twofold or more (b). Data are from two 
experiments done in duplicate. Asterisk indicates P < 0.01 for a Student's f-test 
comparing each marker with OcR3. 
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FasL binding; hence, it may represent a third mechanism of 
extracellular regulation of FasL activity. A decoy receptor that 
modulates the funaion of the cytokine interleukin- 1 has been 
described^'. In addition, two decoy receptors that belong to the 
TNFR family, DcRl and DcR2, regulate the FasL-related apoptosis- 
inducing molecule Apo2L". Unlike DcRl and DcR2, which are 
membrane-associated proteins, DcR3 is directly secreted into the 
extracellular space. One other secreted TNFR- family member is 
0?Q\ which shares greater sequence homology with DcR3 (31%) 
than do DcRl (17%) or DcRl (19%); OPG functions as a third 
decoy for Apo2L". Thus, DcR3 and OPG define a new subset of 
TNFR- family members that function as secreted decoys to mod- 
ulate ligands that induce apoptosis. Pox viruses produce soluble 
TNFR homologues that neutralize specific TNF-family ligands, 
thereby modulating the antiviral immune ^espo^se^ Our results 
indicate that a similar mechanism, namely, production of a soluble 
decoy receptor for FasL, may contribute to immune evasion by 
certain tumours. □" 



Methods 

Isolation of DcR3 cDNA. Several overlapping ESTs in GenBank (accession 
numbers AA025672, AA025673 and W67560) and in Ufcscq^'^ (Incyte 
Pharmaceuticals; accession numbers 1339238, 1533571, 1533650, 1542861. 
1789372 and 2207027) showed similarity to members of the TNFR family. We 
screened human cDNA libraries by PGR with priniers based on the region of 
EST consensus; fetal liing was positive for a product of the expected size. By 
hybridization to a PCR-generated probe based on the ESTs, one positive clone 
(DNA30942) was identified. When searching for potential alternatively spliced 
forms of DcR3 that, might encode a transmembrane protein, we isolated 50 
more clones; the coding regions of these clones were identical in size to that of 
the initial clone (data not shown). ' ' . ; 

Fc-tusion proteins (immunoadhesins). The entire DcR3 sequence, or the 
ectodomain of Fas or TNFRl, was fused to the hinge;and Fc region of human 
IgGl. expressed in insect SF9 cells or in human. 293 cells, and purified as 
described". 

RuorescencMCtlvated cell sorting (FACS) analysis. We transfected 293 
cells using calcium phosphate or EfFectene (Qiagen) with pRK5 vector or pRK5 
encoding full-length human FasL* (2 p.g), together with pRK5 encoding CrmA 
(2p.gl to prevent cell death. After 16 h. the cells were incubated with 
biotinylated DcR3-Fc or TNFRl -Fc and then with phycoerythr in -conjugated 
streptavidin (GibcoBRL) , and were assayed by FACS. The data were analysed by 
Kolmogorov-Srairhov statistical analysis. There was some detectable staining 
of vector-transfected cells by DcR3-Fc; as these cells express little FasL (data 
not shown),, it is possible that DcR3 recognized some other factor that is 
expressed constitu lively on 293 cells. 

Immunopreclpitation. Human . 293 cells were transfected as above, and 
metabolically labelled with (^*S]cysteine and ["S) methionine (0.5 mCi; 
Amersham). After 16 h of culture in the presence of z-VAD-fmk (IOjjlM), 
the medium was immunoprecipitated with DcR3-Fc. Fas-Fc or TNFRl -Fc 
(5 M-g), followed by protein A-Sepharose (Repligen). The precipitates were 
resolved by SDS-PAGE and visualized on a phosphorimager (Fuji BAS2000). 
Alternatively, purified. Flag-tagged soluble FasL (1 p.g) (Alexis) was incubated 
with each Fc-fusion protein (1 ^ig), precipitated with protein A-Sepharose, 
resolved by SDS-PAGE and visualized by immunoblotting with rabbit anti- 
FasL antibody (Oncogene Research). 

Analysis of complex formation. Flag-tagged soluble FasL (25(i.g) was 
incubated with buffer or with DcR3-Fc (40.jjLg) for 1.5 h at 24 ""C. The reaction 
was loaded onto a Superdex 200 HR 10/30 column (Pharmacia) and developed 
with PBS; 0.6 -ml fractions were collected. The presence of DcR3-Fc-FasL 
complex in each fraction was analysed by placing 100 jtl aliquots into microtitre 
wells precoated with anti-human IgG (Boehringer) to capture DcR3-Fc, 
followed by detection with biotinylated anti-Flag antibody Bio M2 (Kodak) and 
streptavidin -horseradish peroxidase (Amersham). Calibration of the column 
indicated an apparent relative molecular mass of the complex of 420K (data not 
shown), which is consistent with a stoichiometry of two DcR3- Fc homodimers 
to two soluble FasL homotrimers. 

Equiiibrium binding analysis. Microtitre wells were coated with anti -human 



IgG, blocked with 2% BSA in PBS. DcR3-Fc or Fas-Fc was added, followed by 
serially diluted Flag-tagged soluble FasL Bound Ugand was detected with anti- 
Flag antibody as above. In the competition assay, Fas-Fc was immobilized as 
above, and the wells were blocked with excess IgG I before addition of Flag- 
tagged soluble FasL plus DcR3-Fc. 

T-cell AlCD. CD3* lymphocytes were isolated from peripheral blood of 
individual donors using anti-CD3 magnetic beads (Miltenyi Biotech), 
stimulated with phytohaemagglutinin (PHA; 2p.gml"') for 24 h, and cultured 
in the presence of interleukin- 2 (lOOUml"') for 5 days. The cells were plated in 
wells coated with anti-CD3 antibody (Pharmingen) and analysed for apoptosis 
16 h later by FACS analysis of annexin-V-binding of CD4* cells^V 
Natural killer cell activity. Natural killer cells were isolated from peripheral 
blood of individual donors using anti-CD56 magnetic beads (Miltenyi 
Biotech), and incubated for 16 h with *'Cr-loaded Jurkat cells at an effector- 
to-target ratio of 1:1 in the presence of DcR3-Fc, Fas-Fc or human IgGl. 
Target-cell death was determined by release of.^'Cr in effector-target co- 
cultures relative to release of *'Cr by detergent lysis of equal numbers of Jurkat 
cells. 

Gene-amplification analysis. Surgical specimens were provided by J. Kern 
(lung tumours) and P. Quirke (colon tumours). Genomic DNA was extracted 
(Qiagen) and the concentration was determined using Hoechst dye 33258 
intercalation fluorometry. Amplification was determined by quantitative PGR" 
usingaTaqMan instrument (ABI). The method was validated by comparison of 
PGR and Southern hybridization data for the Myc and HER-2 oncogenes (data 
not shown). Gene-specific primers and fluorogenic probes were designed on 
the basis of the sequence of DcR3 or of nearby regions identified on a BAG 
carrying the human DcR3 gene; alternatively, primers and probes were based 
on Stanford Human Genome Center marker AFM218xe7 (T160), which is 
linked to DcR3 (likelihood score = 5.4), SHGC-36268 (T159), the. nearest 
available marker which maps to ~-500 kilobases from T160, and five extra 
markers that span chromosome 20. The DcR3-specific primer sequences were 
5'-CTTCTrCGCGCACGCTG-3' and 5'-ATCACGCCGGCACCAG-3' and the 
fluorogenic probe sequence was 5'-(FAM-ACACGATGCGTGCTCGAAGCAG 
AAp-(TAMARA), where FAM is 5' -fluorescein phosphoramidite. Relative 
gene-copy numbers were derived using the fojrmula 2*'^^', where ACT is the 
difference in amplification cycles required to detect DcR3 in peripheral blood 
lymphocyte DNA compared to test DNA. 
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ABC transporters (also known as traffic ATPases) form a large 
family of proteins responsible for the translocation of a variety 
of compounds across membranes of both prokaryotes and 
eukaryotes'. The recently completed Escherichia coU genome 
sequence revealed that the largest family of paralogous £. cd/i 
proteins is composed of ABC transporters^. Many eiikaryotic 
proteins of medical significance belong to this family, such as 
the cystic fibrosis transmembrane conductanceiregulator (CFTR)» 
the P-glycoprotein (or muitidrug-resistance, protein) and the 
heterodimeric transporter associated With antigen processing 
(Tapl-Tap2), Here we report the crystal structure at 1.5 A resolu- 
tion of His P, the ATP-binding subunit of the histidine permease, 
which is an ABC transporter from Sa/moneZ/a typhimurium. We 
correlate the details of this structure with the biochemical, genetic 
and biophysical properties of the wild-type and several mutant 
HisP proteins. The structure provides a basis for understanding 
properties of ABC transporters and of defective CFTR proteins. 

ABC transporters contain four structural domains: two nucleo- 
tide-binding domains (NBDs), which are highly conserved 
throughout the family, and two transmembrane domains'. In 
'^.prokaryotes these domains are often separate subunits which are 
assembled into a membrane-bound complex; in eukaryotes the 
domains are generally fused into a single polypeptide chain. The 
periplasmic histidine permease of 5. typhimurium dind E, co/i'*^'* is a 
well-characterized ABC transporter that is a good model for this 
superfamily. It consists of a membrane-bound complex, HisQMPj, 
which comprises integral membrane subunits, HisQ and HisM, and 
two copies of HisP, the ATP-binding subunit. HisP, which has 
properties intermediate between those of integral and peripheral 
membrane proteins', is accessible from both sides of the membrane; 
presumably by its interaction with HisQ and HisM*. The two HisP 
subunits form a dimer, as shown , by their cooperativiry in ATP 
hydrolysis^ the requirement for both subunits to be present for 
activity*, and the formation of a HisP dimer upon chemical cross- 
linking. Soluble HisP also forms a dimer*. HisP has been purified 
and characterized in an active soluble form^ which can be recon- 
stituted into a hilly active membrane-bound complex*. 

The overall shape of the crystal structure of the HisP. monomer is 
that of an 'U with two thick arms (arm I and arm II); the ATP- 
binding pocket is near the end of arm I (Fig. I). A six-stranded p- 
sheet (P3 and 38-P 12) spans both arms of the L, with a domain of a 
a- plus P-rype structure (pi, P2, P4-P7, al and a2) on one side 
(within arm I) and a doniain of mosdy a-helices (a3-a9) on- the 




Rgure 1 Crystal structure of HisP. a. View of the dimer along an axis 
perpendicular to its two-fold axis. The top and bottom of the dimer are suggested 
to face towards the periplasmic and cytoplasmic sides, respectively (see text). 
The thickness of arm II is about 25 A. comparable to that of membrane. a-Helices 
are shown in orange and (1-sheets in green, b. View along the two-fold axis of the 
HisP dimer, showing the relative displacement of the monomers not apparent in 
a. The p-strands at the dimer interface are labelled, c. View of one monomer from 
the bottom of arm I. as shown in a, towards arm II. showing the ATP-binding 
pocket, a-c. The protein and the bound ATP are in 'ribbon' and 'ball-and-stick" 
representations, respectively. Key residues discussed in the text are indicated in 
c. These Hgures were prepared with MOLSCRIPT^. N. amino terminus; C, C 
terminus. 
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Gene amplification Is a common event in the progression of 
human cancers, and amplified oncogenes have been shown to 
have diagnostic, prognostic and therapeutic relevance. A 
kinetic quantitative polymerase-chain-reaction (PGR) method, 
based on fluorescent Taq Man methodology and a new instru- 
ment (ABI Prism 7700 Sequence Detection System) capable 
of measuring fluorescence in real-time, was used to quantify 
gene amplification in tumbr DNA. Reactions are character- 
ized by the point during cycling when PGR amplification is still 
in the exponential phase, rather than the amount of PGR 
product accumulated after a fixed number of cycles. None of 
the reaction components is limited during the exponential 
phase, meaning that values are highly reproducible in reac- 
tions starting with the same copy nurhber. This greatly 
improves the precision of DNA quantification. Moreover, 
real-time PGR does not require post-PCR sample handling^ 
thereby preventing potential PGR-product carry-over con- 
tamination; it possesses a wide dynamic range of quantifica- 
tion and results in much faster and higher sample throughput. 
The real-time PGR method, was used to develop and validate 
a simple and rapid assay for the detection and quantification 
of the 3 most frequently amplified genes (myc, ccncfl and 
erbB2) in breast tumors. Extra copies of myc ccndl and erbB2 
were observed in 10, 23 and 15%, respectively, of 108 breast- 
tumor DNA; the largest observed numbers of gene copies 
were 4.6, 18.6 and 15.1, respectively. These results correlated 
well with those of Southern blotting. The use of this new, 
semi-automated technique will make molecular analysis of 
human cancers simpler and more reliable, and should find 
broad applications in clinical and research settings, int. J. 
Cancer 78:661-666, 1998. 
e 1998 miey-Liss, Inc. 

Gene amplification plays an important role in the pathogenesis 
of various solid tumors, including breast cancer, probably because 
over-expression of the amplified target genes confers a selective 
advantage. The first technique used to detect genomic amplification 
was cytogenetic analysis. Amplification of several chromosome 
regions, visualized either as extrachromosomal double minutes 
(dmins) or as integrated homogeneously staining regions (HSRs), 
are among the main visible cytogenetic abnormalities in breast 
tumors. Other techniques such as comparative genomic hybridiza- 
tion (CGH) (Kallioniemi et ai, 1994) have also been used in broad 
searches for regions of increased DNA copy numbers in tumor 
cells, and have revealed some 20 amplified chromosome regions in • 
breast tumors. Positional cloning efforts are underway to identify 
the critical gcne(s) in each amplified region. To date, genes known 
to be amplified frequently in breast cancers include myc (8q24), 
ccnd\ (1 Iq 1 3), and er/7B2 (1 7ql2-q21) (for review, see Bieche and 
Lidereau, 1995). " , 

Amplification of the myc. ccnd}, and erbB2 proto-oncogenes 
should have clinical relevance in breast cancer, since independent 
studies have shown that these alterations can be used to identify 
sub-populations with a worse prognosis (Bems et ai, 1992; 
Schuuring et ai, 1992; Slamon et ai, 1987). Muss et ai (1994) 
suggested that these gene alterations may also be useful for the 
prediction and assessment of the efficacy of adjuvant chemotherapy 
and hormone therapy. 

However, published results diverge both in terms of the fre- 
quency of these alterations and their clinical value. For instance, 
over 500 studies in 10 years have failed to resolve the controversy 



surrounding the link suggested by Slamon et ai (1987) between 
erb^l amplification and disease progression. These discrepancies 
are partly due to the clinical, histological and ethnic heterogeneity 
of breast cancer, but technical considerations are also probably 
involved. 

Specific genes (DNA) were initially quantified in tumor cells by 
means of blotting procedures such as Southern and slot blotting. 
These batch techniques require large amounts of DNA (5-10 
|ig/reaction) to yield reliable quantitative results. Furthermore, 
meticulous care is required at all stages of the procedures to 
generate blots of sufficient quality for reliable dosage analysis. 
Recently, PCR has proven to be a powerful tool for quantitative 
DNA analysis, especially with minimal starting quantities of tumor 
samples (small, early-stage tumors and formalin-fixed, paraffin- 
embedded tissues). 

Quantitative PCR can be performed by evaluating the amount of 
product either after a given number of cycles (end-point quantita- 
tive PCR) or after a varying nuniber of cycles during the 
exponential phase (kinetic quantitative PCR). In the first case, an 
internal standard distinct from the target molecule is required to 
ascertain PCR efficiency The method is relatively easy but implies 
generating, quantifying and storing an internal standard for each 
gene studied. Nevertheless, it is the most frequently applied 
method to date. 

. One of the major advantages of the kfnetic method is its rapidity 
in quantifying a new gene, since no internal standard is required (an 
external standard curve is sufficient). Moreover, the kinetic method 
has a wide dynamic range (at least 5 orders of magnitude), giving 
an accurate value for samples ' differing . in their copy number. 
Unfortunately, the method is cumbersome and has therefore been 
rarely used. It involves aliquot sampling of each assay mix at 
regular intervals and quantifying, for each aliquot, the amplifica- 
tion product. Interest in the kinetic method has been stimulated by a 
novel approach using fluorescent TaqMan methodology and a new 
instrument (ABI Prism 7700 Sequence Detection System) capable 
of measuring fluorescence in real time (Gibson etai, 1996; Heid et 
aL 1996). The TaqMan reaction is based on the 5' nuclease assay 
first described by Holland et ai (1991). The latter uses die 5' 
nuclease activity of Taq polymerase to cleave a specific fluorogenic 
oligonucleotide probe during the extension phase of PCR. The 
approach uses dual-labeled fluorogenic hybridization probes (Lee 
et ai, 1993). One fluorescent dye, co-valently linked to the 5' end 
of the oligonucleotide, serves as a reporter [FAM (i.e., 6-carboxy- 
fiuorescein)] and its emission spectrum is quenched by a second 
fluorescent dye, TAMRA (i.e., 6-carboxy-tetramethyl-rhodamine) 
attached to the 3' end. During the extension phase of the PCR 
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cycle, the fluorescent hybridization probe is hydrolyzed by the 
5'-3' nucleolytic activity of DNA polymerase. Nuclease degrada- 
tion of the probe releases the quenching of FAM fluorescence 
emission, resulting in an increase in peak fluorescence emission. 
The fluorescence signal is normalized by dividing the emission 
intensity of the reporter dye (FAM) by the emission intensity of a 
reference dye (He.. ROX, 6-carboxy-X-rhodamine) included in 
TaqMan buffer, to obtain a ratio defined as the Rn (normalized 
reponer) for a given reaction tube. The use of a sequence detector 
enables the fluorescence spectra of all .96 wells of the thermal 
cycler to be measured continuously during PGR amplification. 

The real-time PGR method offers several advantages over other 
current quantitative PGR methods (Geli et ai, 1994): (i) the 
probe-based homogeneous assay provides a real-time method for 
detecting only specific amplification products, since specific hybri- 
dation of both the primers and the probe is necessary to generate a 
signal; (ii) the Ci (threshold cycle) value used for quantification is 
measured when PGR amplification is still in the log phase of PGR 
product accumulation. This is the main reason why G, is a more 
reliable measure of the starting copy number than are end-point 
measurements, in which a slight difference in a limiting component 
can have a drastic effect on the amount of product; (iii) use of C, 
values gives a wider dynamic range (at least 5 orders of magni- 
tude), reducing the need for serial dilution; (iv) The real-time PGR 
method is run in a closed-tube system and requires no post-PGR 
sample handling, thus avoiding potential contamination; (v) the 
system is highly automated, since the instrument continuously 
measures fluorescence in all 96 wells of the thermal cycler during 
PGR amplification and the corresponding software processes, and 
analyzes the fluorescence data; (vi) the assay is rapid, as results are 
available just one minute after thermal cycling is complete; (vii) the 
sample throughput of the method is high, since 96 reactions can be 
analyzed in 2 hr. 

Here, we applied this semi-automated procedure to determine 
the copy numbers of the 3 most frequently amplified genes in breast 
tumors (myc, ccndl and er6B2),.as well as 2 genes (alb and app) 
located in a chromosome region in which no genetic changes have 
been observed in breast tumors. The results for 108 breast tumors 
were compared with previous Southem-blot data for the same 
samples. 



MATERIAL AND METHODS 
Tumor and blood samples 

Samples were obtained from 108 primary breast tumors removed 
surgically from patients at the Gentre Rene Huguenin; none of the 
patients had undergone radiotherapy or chemotherapy. Immedi- 
ately after surgery, the tumor samples were placed in liquid 
nitrogen until extraction of high-molecular-weight DNA. Patients 
were included in this study if the tumor sample used for DNA 
preparation contained more than 60% of tumor cells (histological 
analysis). A blood sample was also taken from 18 of the same 
patients. 

DNA was extracted from tumor tissue and blood leukocytes 
according to standard methods. 

^Reai-nmePCR 

Theoretical- basis. Reactions are characterized by the point 
during cycling when amplification of the PGR product is first 
detected, rather than by the amount of PGR product accumulated 
after a fixed number of cycles. The higher the starting copy number 
of the genomic DNA target, the earlier a significant increase in 
fluorescence is observed. The parameter Gi (threshold cycle) is 
defined as the fractional cycle number at which the fluorescence 
generated by cleavage of the probe passes a fixed threshold above 
baseline. The target gene copy number in unknown samples is 
quantified by measuring G, and by using a standard curve to 
determine the starting copy nurnber. The precise amount of 
genomic DNA (based on optical density) and its quality (re., lack 



of extensive degradation) are both difficult to assess. We therefore 
also quantified a control %tne (alb) mapping to chromosome region 
4qll-ql3, in which no genetic alterations have been found in 
breast-tumor DNA by means of GGH (Kallioniemi et ai. 1 994). 

Thus, the ratio of the copy number of the target gene to the copy 
number of the alb gene normalizes the amount and quality of 
genomic DNA. The ratio defining the level of amplification is 
termed "N**, and is determined as follows: 

copy number of target gene {app, myc. ccndl. erb^l) 

N = ' . 

copy number of reference gene {alb) 

Primers, probes, reference human genomic DNA and PCR 
consumables. Primers and probes were chosen with the assistance 
of the computer programs Oligo 4.0 (National Biosciences, Ply- 
mouth, MN), EuGene (Daniben Systems, Gincinnati, OH) and Primer 
Express (Perkin-Elmer Applied Biosystems, Foster City, GA). 

Primers were purchased 'from DN Agency (Malvern, PA) and 
probes from Perkin-Elmer Applied Biosystems. 

Nucleotide sequences for the oligonucleotide hybridization 
probes and primers are available on request. 

The TaqMan PGR Gore reagent kit, MicroAmp optical tubes, 
and MicroAmp caps were from Perkin-Elmer Applied Biosystems. 

Standard-curve construction. The kinetic method requires a 
standard curve. The latter was constructed with serial dilutions of 
specific PGR products, according to Piatak et ai (1993). In 
practice, each specific PGR product was obtained by amplifying 20 
ng of a standard human genomic DNA (Boehringer, Mannheim, 
Germany) with the same primer pairs as those used later for 
real-time quantitative PGR. The 5 PGR products were purified 
using MicroSpin S-400 KR columns (Phamiacia, Uppsala, Swe- 
den) electrophorezed through an acrylamide gel and stained with 
ethidium bromide to check their quality. The PGR products were 
then quantified spectrophotometrically and pooled, and serially 
diluted 1 0-fold in mouse genomic DNA!'(Glontech, Palo Alto, GA) 
at a constant concentration of 2 ng/^il. The standard curve used for 
real-time quantitative PGR was based on serial dilutions of the pool 
of PGR products ranging fi*om 10"^ (10^ copies of each gene) to 
10~'° (10^ copies). This series of diluted PGR products was 
aliquoted and stored at -80°G until use. 

The standard curve was validated by analyzing 2 known 
quantities of calibrator human genomic DNA (20 ng and 50 ng). 

PCR amplification. Amplification mixes (50 '^1) contained the 
sample DNA (around 20 ng, around 6600 copies.of disomic genes), 
lOX TaqMan buffer (5 200 ^iM dATP. dGTP, dOTP, and 400 
^iM dUTP, SmMMgGli. K25 units of AmpliTaq Gold, 0.5 units of 
AmpErase uracil N-glycosylase (UNO), 200 nM each primer and 
100 nM probe. The thermal cycling conditions comprised 2 min at 
50°G and 10 min at 95 °G. Thermal cycling consisted of 40 cycles at 
95'*G for 15 s and 65°G for 1 min. Each assay included: a standard 
curve (from 10^ to 10^ copies) in duplicate, a no-template control, 
20 ng and 50 ng of calibrator human genomic DNA (Boehringer) in 
triplicate, and about 20 ng of unknown genomic DNA in triplicate 
(26' samples can thus be analyzed on a 96-well microplate). All 
samples with a coefficient of variation (GV) higher than 10% were 
retested. 

All reactions were performed in the ABI Prism 7700 Sequence 
Detection System (Perkin-Elmer Applied Biosystems), which 
detects the signal from the fluorogenic probe during PGR. 

Equipment for real-time detection. The 7700 system has a 
built-in thennal cycler and a laser directed via fiber optical cables 
to each of the 96 sample wells. A charge-coupled-device (GDD) 
camera collects the emission from each sample and the data are 
analyzed automatically. The software accompanying the 7700 
system calculates G, and determines the starting copy number in the 
samples. ■ 
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Determination of gene amplification. Gene amplification was 
calculated as described above. Only samples with an N value 
higher than 2 were considered to be amplified. 

RESULTS 

To validate the method, real-time PCR was performed on 
genomic DNA extracted from 108 primary breast tumors, and 18 
normal leukocyte DNA samples from some of the same patients. 
The target genes were the myc, ccndl and erbB2 proto-oncogenes, 
and the p-amyloid precursor protein gene {app), which maps to a 
chromosome region (2 1 q2 1.2) in which no genetic alterations have 
been found in breast tumors (Kallioniemi et ai. 1994), The 
reference disomic gene was the albumin gene {alb. chromosome 
4qll-ql3). 



Validation of the standard curve and dynamic range 
of real-time PCR 

The standard curve was constructed from PCR products serially 
diluted in genomic mouse DNA at a constant concentration of 
2 ng/^il. It should be noted that the 5 primer pairs chosen to analyze 
the 5 target genes do not amplify genomic mouse DNA (data not 
shown). Figure 1 shows the real-time PCR standard curve for the 
alb gene. The dynamic range was wide (at least 4 orders of 
magnitude), with samples containing as few as 10- copies or as 
many as 10^ copies. 

Copy-number ratio of (he 2 reference genes (app and albj 

The app to alb copy-number ratio was determined in 1 8 normal 
leukocyte DNA samples and all 108 primary breast-tumor DNA 
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Figure 1 - Albumin {alb) gene dosage by real-time PCR. Top: Amplification plots for reactions with starting alb gene copy number ranging 
from 10^ (A9), 10^ (A7), 10^ (A4) to 10- (A2) and' a no-template control (Al). Cycle number is plotted vs, change in normalized reporter signal 
(ARn). For each reaction tube, the fluorescence signal of the reporter dye (FAM) is divided by the fluorescence signal of the passive reference dye 
(ROX), to obtain a ratio defined as th& normalized reporter signal (Rn). ARn represents the normalized reporter signal (Rn) minus the baseline 
signal established in the first 15 PCR cycles. ARn increases during PCR as alb PCR product copy number increases until the reactionvreaches a 
plateau. C, (threshold cycle) represents the fractional cycle number al which a significant increase in Rn above a baseline signal (horizontal black 
line) can first be detected. Two replicate plots were performed for each standard sample, but the data for only one are shown here. Bottom: 
Standard curve plotting log starting copy number vs. C, (threshold cycle). The black dots represent the data for standard samples plotted in 
duplicate and the red dots the data for unknown genomic DNA samples plotted in triplicate. The standard curve shows 4 orders of linear dynamic 
range. 
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samples. We selected these 2 genes because they are located in 2 
chromosome regions {app. 2iq21.2; alb. 4qil-ql3) in which no 
obvious genetic changes (including gains or losses) have been 
observed in breast cancers (Kallioniemi et.aL. 1994). The ratio for 
the 18 normal leukocyte DNA samples fell between 0.7 and 1.3 
(mean 1.02 ± 0.21), and was similar for the 108 primary breast- 
tumor DNA samples (0.6 to 1.6, mean 1.06 ± 0.25), confimiing 
that alb and app are appropriate reference disomic genes for 
breast-tumor DNA. The low range of the ratios also confirmed that 
the nucleotide sequences chosen for the primers and probes were 
not polymorphic, as mismatches of their primers or probes with the 
subject's DNA would have resulted in differential amplification. 

myc, ccndl and erb52 gene dose in normal leukocyte DNA 

To determine the cut-ofT point for gene amplffication in breast- 
cancer tissue, 18 normal leukocyte DNA samples were tested for 
the gene dose (N), calculated as described in '* Material and 
Methods". The N value of these samples ranged from 0.5 to 1.3 
(mean 0.84 ± 0.22) for myc. 0.7 to L6 (mean 1.06 ± 0.23) for 
ccndl and 0.6 to 1.3 (mean'0.9l i 6.19) for er6B2. Since N values 
for myc. ccndl and erbBl in normal leukocyte DNA consistently 
fell between 0.5 and 1 .6, values of 2 or more were considered to. 
represent gene amplification in tumor DNA. 

myc, ccndl and erbS2 gene dose in breast-tumor DNA 

myc. ccndl and erbBZ gene copy numbers in the 108 primary 
breast tumors are reported in Table I. Extra copies of ccndl were 
more frequent (23%, 25/108) than extra copies of erbBl (15%, 
16/108) and myc (10%, 11/108). and ranged from 2 to 18.6 for 
ccndl,.! to 15.1 for erbB2, and only 2 to 4.6 for the myc gene. 
Figure 2 and Table II represent tumors in which the ccndl gene was 
amplified 16-fold (T145), 6-fold (T133) and non-amplified (Tl 18). 
The 3 genes were never found to be co-amplified in the same mmor. 
erbBZ and ccndl were co-amplified in only 3 casesf/nyc and ccndl 
in 2 cases and myc and erbBl in 1 case. This favors the hypothesis 
that gene amplifications are independent events in breast cancer. 
Interestingly, 5 tumors showed a decrease of at least 50% in the 
erbBl copy number (N < 0.5), suggesting that they bore deletions 
of the 17q2l region (the site of erbBl). No such decrease in copy 
number was observed with the other 2 proto-oncogenes. 

. Comparison of gene dose determined by real-time quantitative 
PCR and Southern-blot analysis 

Southern-blot analysis of myc, ccndl and erbBl amplifications 
had previously been done on the same 108 primary breast tumors. A 
perfect correlation between the results of real-time PCR and 
Southern blot was obtained for tumors with high copy numbers 
(N > 5). However, there were cases ( 1 myc. 6 ccndl and 4 erbBl) 
in which real-time PCR showed gene amplification whereas 
Southem-blot did not, but these were mainly cases with low extra 
copy numbers (N from 2 to 2.9). 

DISCUSSION 

The clinical applications of gene amplification assays are 
currently limited, but would certainly increase if a simple, standard- 
ized' and rapid method were perfected. Gene amplification status 
has been studied mainly by means of Southerri blotting, but this 
method is not sensitive enough to detect low-level gene amplifica- 
tion nor accurate enough to quantify the full range of aniplification 
values. Southern blotting is also time-consuming, uses radioactive 



TABLE I - DISTRIBUTION OF AMPLIFICATION LEVEL (N) FOR/n>r. 
ccndl AND erbBl GENES IN 108 HUMAN BREAST TUMORS 



Gene 




Amplification level (N) 




<0.5 


0.5-1.9 


2^.9 




myc 

ccndl 

erbBl 


0- * 
0 

5 (4.6%) 


97 (89.8%) 
83 (76.9%) 
87 (80.6%) 


11 (10.2%) 
17 (15.7%) 
8 (7.4%) 


0 

8 (7.4%) 
8 (7.4%) 



reagents and requires relatively large amounts of high-quality 
genomic DNA. which means it cannot be used routinely in many 
laboratories. An amplification step is therefore required to deter- 
mine the copy number of a given target gene from minimal 
quantities of tumor DNA (small early-stage tumors, cytopuncture 
specimens or fonnalin-fixed, paraffin-embedded tissues). 

In this study, we validated a PCR method developed for the 
quantification of gene over- representation in tumors. The method, 
based on real-time analysis of PCR amplification, has several 
advantages over other PCR-based quantitative assays such as 
competitive quantitative PCR (Celi et ai. 1994). First, the real-time 
PCR method is performed in a closed-tube system, avoiding the 
risk of contamination by amplified products. Re-amplification of 
carryover PCR products in subsequent experiments can also be 
prevented by using the enzyme uracil N-glycosylase (UNG) 
(Longo et ai. 1990). The second advantage is the simplicity and 
rapidity of sample analysis, since no posi-PCR manipulations are 
required. Our results show that the automated method is reliable. 
We found it possible to determine, in triplicate, the number of 
copies of a target gene in more than 100 tumors per day. Third, the 
system has a linear dynamic range of at least 4 orders of magnitude, 
meaning that samples do not have to contain equal staning amounts 
of DNA. This technique should therefore be suitable for analyzing 
formalin-fixed, paraffm-embedded tissues. Fourth, and above all, 
real-time PCR makes DNA quantification much more precise, and 
reproducible, since it is based on C, values rather than end-point 
measurement of the amount of accumulated PCR product. Indeed, 
the ABI Prism 7700 Sequence Detection System enables C, to be 
calculated when PCR amplification is still in the exponential phase 
and when none of the reaction components is rate-limiting. The 
within-run CV of the Ct value for calibrator human DNA (5 
replicates) was always below 5%, and the between-assay precision 
in 5 different runs was always below 10% (data not shown). In 
addition, the use of a standard curve is not absolutely necessary, 
since the copy number can be detenmined simply by comparing the 
Ct ratio of the target gene. with that of reference genes. The results 
obtained by the 2 methods (with and wfthoiit a standard curve) are 
similar in our experiments (data not shown). Moreovier, unlike 
competitive quantitative PCR, real-time PCR does not require an 
internal control (the design and storage of internal controls and the 
validation of their amplification efficiency is laborious). 

The only potential disavantage of real-time PCR, like all other 
PCR-based methods and solid-matrix blotting techniques (South- 
em blots and dot. blots) is that is cannot avoid dilution artifacts 
inherent in' the extraction of DNA from tumor cells contained in 
heterogeneous tissue specimens. Only FISH and immunohistochem- 
istry can measure alterations on a cell-by-ceil basis (Pauletti et ai. 
1996: Slamon et ai, 1989). However, FISH requires expensive 
equipment and trained; personnel and is also time-consuming. 
Moreover, FISH does not assess gene expression and therefore 
cannot detect cases in which the gene product is over-expressed in 
the absence of gene amplification, which will be possible in the 
future by real-time quantitative RT-PCR. Immunohistochemistry is 
subject to considerable variations in the hands of different teams, 
owing to alterations of target proteins during the procedure, the 
different primary antibodies and fixation methods used and the 
criteria used to define positive staining. 

The results of this study are in agreement with those reported in' 
the literature. (0 Chromosome regions 4qll-ql3 and'21q2l.2 
(which bear alb and app. respectively) showed no genetic alter- 
ations in the breast-cancer samples studied here, in keeping with 
the results of CGH (Kallioniemi et ai. 1994). (//) We found that 
amplifications of these 3" oncogenes were independent events, as 
reported by other teams (Bems et ai, 1992; Borg et ai. 1992). {Hi) 
The frequency and degree of myc amplification in our breast tumor 
DNA series were lower than those of ccndl and erbBl amplifica- 
tion, confirming the findings of Borg et a/.,(l992) and Courjai et ai 
(1997). (iV) The majcima of ccndl and er6B2' over-representation 
were 1 8- fold and 1 5- fold, also in keeping with earlier results (about 
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Amplification - CCNDl 



I 

< 




p— Samples 



^ FAM - A8 
(a FAM - El 2 
Kl FAM - Gil 



I 1 I I 1 I I I 1 M I 1 I I 1 I I I I I I I M I I M 1 I I I I 1 I I I M .Viewer: I ^Rn (B..!^ 
2 4 6 8 10 12 14 16 18 20 22 24 26 28 30 32 34 36 38 40 Reporter. \~fAM ^ \ 

Cycle 



Amplification - ALB 




-Samples 



H FAM - 84 
la FAM - C6 
13 FAM - C8 



Viewer: | CiRn (B..."^ 



I I I I I I I I I I I I I 

0 2 4 6 8 10 12 14 16 18 20 22 24 26 28 30 32 34 36 38 40 Reporter: | FAM ^ 1 

Cycle 



CCND1 



ALB 



Tumor Copy number Copy number 



T118 



27.3 



4605 



26.5 



4365 



T133 



23.2 



61659 



25.2 



10092 



T145 



22.1 



125892 



25.6 



7762 



FicuttE 2 - ccndl and alb gene dosage by real-time PCR in 3 breast tumor samples: TU8 (E 12, C6. black squares), Tl 33 (GU, 84, red squares) 
and T 1 45 {A8, C8. blue squares). Given the Q of each sample, the initial copy number is inferred from the standard curve obtained during the same 
experiment Triplicate plots were performed for each tumor sample, but the data for only one are shown here. The results are. shown in Table U. 



30-fold maximum) (Bemse/ a/.. 1992; Borg era/.. 1992; Courjal e/ 
ai, 1997). (v) The er6B2 copy ntimbers obtained with real-time 
PCR were in good agreement with data obtained with other 
quantitative PCR-based assays in terms of the frequency and 
degree ofamplification (An era/.. 1995; Deng e/ a/., l996;Valeron 



et ai, 1996). Our results also correlate well with those recently 
published by Gelmini et ai (1997),' who used theTaqMan system to 
measure er6B2 amplification in a small, series of breast tumors 
(n = 25), but with an instrument (LS-50B luminescence spectrom- 
eter, Perkin-Elmer Applied Biosystems) which only allows end- 
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TABLE 11 - EXAMPLES OF ccndt GENE DOSAGE RESULTS 
FROM 3 BREAST TUMORS' 



Tumor 




ccndl 






alb 




HccndUatb 


Copy 
number 


Mean 


SD 


Copy 
number 


Mean 


SD 


T118 


4525 






4223 










4605 


4603 


77 


4365 


4325 


89 


1.06 




4678 






4387 








T133 


59821 






9787 










61659 


61100 


1111 


10092 


10137 


375 


6.03 




61821 






10533 








T145 


128563 






7321 










125892 


125392 


3448 


7762 


7672 


316 


16.34 . 




121722 






7933 









' For each sample, 3 replicate experiments were perfomied and the mean 
. and the standard deviation (SD) was detemiined. The level of ccndl gene 
amplification (Hccndllalb) is detemiined by dividing the average ccndl 
copy number value by the average alb copy number value. 



point measurement of fluorescence intensity. Here we report myc 
and ccndl gene dosage in breast cancer by means of quantitative 
PCR. (vi) We found a high degree of concordance between 
real-time quantitative PCR and Southern blot analysis in terms of 
gene amplification, especially for samples with high copy numbers 
(>5-fold). The slightly higher frequency of gene amplification 
(especially ccndl and erbB2) observed by means of realrtime 
quantitative PCR as compared with Southeni-blot analysis may be 
explained by the higher sensitivity of the former method. However, 
we cannot rule out the possibility that some tumors with a few extra 



gene copies observed in real-time PCR had additional copies of an 
arm or a whole chromosome (trisomy, tetrasomy or polysomy) 
rather than true gene amplification. These 2 types of genetic 
alteration (polysomy and gene amplification) could be easily 
distinguished in the fi.iture by using an additional probe located on 
the same chromosome arm. but some distance from the target gene. 
It is noteworthy that high gene copy numbers have the greatest 
prognostic significance in breast carcinoma (Borg et ai, 1992; 
Slamonera/.. 1987). 

Finally, this technique can. be applied to the detection of gene 
deletion as well as gene amplification. Indeed, we found a 
decreased copy number of er6B2 (but not of the other 2 proto- 
oncogenes) in several tumors; erbBl is located in a chromosome 
region (I7q21) reported to contain both deletions and amplifica- 
tions in breast cancer (Bjeche and Lidereau, 1995). 

In conclusion, gene amplification in various cancers can be used 
as a marker of pre-neoplasia, also for early diagnosis of cancer, 
staging, prognostication and choice of treatment. Southern blotting 
is not sufficiently sensitive, and FISH is lengthy and complex. 
Real-time quantitative PCR overcomes both these limitations, and 
is a sensitive and accurate method of analyzing large numbers of 
samples in a short time. It should find a place in routine clinical 
gene dosage. 
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